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SUMMARY 

Advanced prototype seat cushions were developed and tested to a draft specification to deliver 
increased comfort and performance to Airmen in confined environments while maintaining 
safety.  Research efforts included multi-hour comfort testing of cushions, environmental testing, 
anthropometric accommodation, impact tests on AFRL’s Vertical Deceleration Tower to ensure 
safety, ejection sled testing, and modeling.  Two prototype cushions were chosen as viable 
replacements to the ACES II cushion: an active air bladder cushion developed by EASE Seating 
Systems, a subcontractor to Goodrich AIP, and a contoured, rate-sensitive foam cushion 
developed by Oregon Aero.
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1.0 INTRODUCTION 

Recent combat missions have reached more than forty hours in length, highlighting the 
importance of improving the seat interfaces for aircrew.  Seat interface improvements are critical 
to enhance physical endurance and combat effectiveness of aircrew.  Long-term sitting comfort 
may be enhanced by a new or improved seat cushion.  However, some seat cushions have been 
shown to amplify the acceleration transmitted to the torso of the aircrew member if they have not 
been designed properly (Cohen, 1998).  Any item introduced to an ejection seat and located 
between the seat pan and the gluteal region of the pilot must not compromise the existing risk of 
spinal injury which is limited by the human tolerance to the fracture of the lumbar vertebra.  As 
more resources are applied to improving seat cushion comfort, the performance of a cushion for 
the prevention and reduction of spinal injuries (the safety performance) should not be 
compromised.  The safety performance of a cushion can be measured by spinal injury criteria 
such as Dynamic Response Index (DRI) or directly by certain occupant response characteristics, 
such as the peak lumbar load and the peak chest acceleration (Hearon & Brinkley, 1986 and 
Perry, 1997).  The evaluation of the safety performance of ejection seat cushions is 
conventionally performed using impact tests.  A number of Vertical Deceleration Tower (VDT) 
test studies have been performed at the Air Force Research Laboratory (AFRL) over the past 4 
decades to evaluate several types of ejection seat cushions, including certain designs with 
comfort improvement (Cohen, 1998, VanIngen-Dunn & Richards, 1992; Severance, 1997; 
Ferguson-Pell & Cardi, 1992a & 1992b; Desjardins & Laananen, 1979; and Shields & Cook, 
1992).  The basic mechanical properties of the materials used in the design of seat cushions can 
be directly measured (Pint, Pellettiere & Coate, 2000).  These mechanical properties can then be 
used to characterize how cushions built from basic materials would perform during an actual 
ejection (Cheng, Rizer & Pellettiere, 2002a).  The impact tests provide a wealth of information 
and data that can be coupled with analysis methods such as optimization (Cheng & Pellettiere, 
2005 and Cheng & Pellettiere, 2003).  The analytical methods provide a means for objectively 
evaluating and ranking various cushions according to their ability to absorb energy and reduction 
specific safety metrics (Cheng & Pellettiere, 2004a).  All of this culminating in a robust process 
for designing and developing ejection seat cushions (Pellettiere & Cheng, 2004). 
 
Beyond safety of cushions, the comfort characteristics of existing ejection seat cushions in Air 
Force aircraft are not suitable for extended missions.  Shortcomings of existing cushions have 
been documented by researchers (Brinkley, Perry, Orzech & Salerno, 1993; Cohen, 1998; 
Hearon & Brinkley, 1986; VanIngen-Dunn & Richards, 1992; and Severance, 1997) and 
interviews conducted with pilots and flight surgeons (Pint, 1999).  The most common symptoms 
were soreness, tingling, numbness and fatigue.  The source of discomfort during extended 
missions has several causes.  The materials used in ejection seat cushions are not selected based 
on their comfort properties; rather, they are selected for their performance in limiting spinal 
injuries during ejection.  Cockpit space restrictions associated with most ejection seat equipped 
aircraft severely restrict the seat occupant’s ability to reposition during flight.  Ejection seat 
dimensions and contours are fixed, causing accommodation problems, especially for large and 
small occupants.  Previous research has shown that all of these problems can be addressed 
(Cohen, 1998; VanIngen-Dunn & Richards, 1992; Severance, 1997; Shields & Cook, 1992; 
Henderson, Price, Brandstater, & Mandac, 1994; and Bennett, 1984).  However, completely  
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eliminating all occupant discomfort would likely require an entire seat system redesign or a limit 
in the duration of the mission.  This leaves the seat cushion itself as the most viable option for 
modification to improve the physical endurance of pilots.   
 
A feasible component of the seat system to which cost-effective modifications can be made to 
enhance aircrew comfort is the ejection seat cushion.  Recent studies have shown that cushions 
made from various densities of ConforTM provide superior impact protection and improved 
occupant comfort (Cohen, 1998; Hearon & Brinkley, 1986; Perry, 1997; and Perry, Nguyen, & 
Pint, 2000) compared to foam rubber or polyurethane combinations.  In fact, a replacement 
cushion was approved for use in the B-2 and other ACESII configurations based upon impact 
testing and an evaluation of cushions with different densities of ConforTM and various surface 
contours.  However, in a recent evaluation of the replacement B-2 cushions, it was determined 
that no single cushion could be designed to accommodate the entire anthropometric range.  It 
was recommended that individual cushions be fitted for each pilot (Cohen, 1998).  Another 
technique that has been used extensively for wheelchair users is active stimulation incorporated 
within the cushion using pulsation or vibration devices.  A qualification study was performed on 
a pulsating seat cushion and adjustable lumbar pad combination for US Navy aircraft.  The 
results showed no increased injury risk, but also highlighted the need for further research in this 
area (Cantor, 1974).  The Air Force Reasearch Laboratory (AFRL) has also investigated the 
application of dynamic airbladders to decrease discomfort and improve physical endurance of 
seated occupants (Pellettiere, Parakkat, Reynolds, Sasidharan & El-Zogbil, 2006 and Parakkat, 
Pellettiere, Reynolds, Sasidharan & El-Zogbi, 2006) with some promising results. 
 
Seat cushion comfort measurements have historically consisted of subjective methods.  There are 
some shortcomings of using only subjective methods for this purpose.  First, design flaws are 
only accurately identified after prototypes have been built and tested.  Second, a large number of 
subjects with varied anthropometric characteristics are required to obtain meaningful results due 
to varying opinions and preferences (Cohen, 1998).  Finally, the subjective results may be 
influenced by outside factors such as emotion, fatigue, or incentives.  Some subjective methods 
are useful for identifying trends or to correlate other objective data.  Tools such as surveys can 
also be used to gather data when other objective methods are not available or feasible. 
 
As mentioned, in the past, seat cushions were selected based upon their safety properties, and 
studies have been conducted on how to quantify comfort for seat systems (Stubbs, Pellettiere & 
Pint, 2005).  However, these two properties should not be considered independently (Cheng & 
Pellettiere, 2005).  Comfort and safety metrics can be considered simultaneously and one traded 
for another.  A different option would be to set the baseline safety requirements as a hard metric, 
then ensure any candidate cushions met or exceed this metric and then conduct the optimization 
on those candidates and select for their ability to minimize physical fatigue.   
 
Taking these two goals into consideration, The AFRL began a program to design and develop 
different seat cushions based on objective testing to provide pilots with a more comfortable, yet 
safe, alternative to the currently used ejection seat cushion.  Based on the results of the program, 
a draft seat cushion specification was written to capture the technical characteristics of the 
developed cushion as well as any future cushion.  The resulting draft seat cushion is included in 
Appendix A.  The F-16 ejection seat (ACES II) was considered a baseline as the accommodation 
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is most restrictive compared with other aircraft.  Several prototype and commercial cushions 
were considered at the start of the program based on both comfort and safety.  After these 
cushions were tested on AFRL’s Vertical Deceleration Tower (VDT) and evaluated for comfort 
during long-duration studies, the cushions were down selected to two potential options.  By the 
end of the program, two cushions were chosen as comfortable and safe: the Oregon Aero 
contoured rate-sensitive foam cushion and the Goodrich Aircraft Interior Products (AIP) active 
air bladder cushion.  As a variation of the Oregon Aero cushion has already been operationally 
used, an effort to approve the Goodrich AIP cushion for flight was accomplished through 
environmental testing, sled testing, and developmental flight testing. 
 
The Goodrich AIP active cushion (Figure 1) cycles air in-and-out of air bladders within the seat 
cushion to promote blood flow into pilot buttocks, legs, and feet during long duration flights.  
The cushion incorporates a small motor and battery pack to pump air into the bladders.  The 
active cushion requires no user intervention as it has a sensor to determine when a pilot is seated 
and the system needs to start operating.  However, the cushion has an on/off switch for the 
cushion during critical phases of flight to avoid distractions and for storage to prevent the 
unintended startup and drain of the batteries.  During ejection, the air in the cushion is displaced 
laterally to decrease the probability of interference to the pilot.   

 
Figure 1.  Goodrich AIP Air Bladder Cushion (Cover Removed) 

 
The contoured seat cushion was developed by Oregon Aero (Figure 2) and uses a thick block of 
rate-sensitive foam to increase the comfort of the cushion. 

 
Figure 2.  Oregon Aero Contoured Foam Cushion (Cover Removed) 
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A series of tests on the prototype cushions were accomplished.  These tests included: 
• Comfort: Evaluates the cushions ability to prevent discomfort over extended durations 
• Simulator: Evaluates that the cushion does not interfere with flight operations or distract 

the pilot 
• Modeling: Creates development platform for simulations on performance and safety 
• Cockpit Accommodation: Determines if cushion interferes in the cockpit for some 

anthropometries 
• Vertical Impact: Evaluates that the safety criteria are met in a component test 
• Vibration: Determines if there are any new effects induced as a result of the cushion 
• Sled Testing: Evaluates that the safety criteria are met in a rocket sled ejection test 
• Flight Testing: Operational testing for pilot acceptance and verification of flight 

operations 
Testing was accomplished in accordance with a draft seat cushion performance specification 
(Appendix A) drafted by both the 648 AESS SPO at Brooks City Base, TX and 711HPW/RHPA.  
Testing throughout the program was conducted as a means to validating the spec and changes 
were made where appropriate.  The starting point for the specification was existing documents 
on other seat programs including the ACESII and the Fixed Aircrew Seat Standardization 
(FASS) program.  The as written spec was developed after consultation with the Army, Navy, 
and FAA and progress was vetted through the Aircrew Safety Standardization Board. 
 
 

2.0 METHODS, ASSUMPTION AND PROCEDURES 

2.1 Comfort Testing 
A series of long-duration comfort evaluations were conducted using human volunteer subjects on 
a variety of cushions.  Little data exists correlating subjective discomfort and objective 
measurements.  Through previous AFRL testing (Pint, Pellettiere & Nguyen, 2002; Pellettiere & 
Cheng, 2004; Stubbs et al., 2005; and Parakkat et al., 2006), testing methodologies to record seat 
cushion pressure measurements were developed and correlation between subjective and 
quantitative data were be established.  Phase I consisted of an 8- 
 test time and phase II consisted of a 4-hour test time.  Generalities of the test methods will be 
discussed followed by specifics for each of the two phases.  Subjects completed the testing in 
each phase over a period of four separate days in a sequential counter balanced order.  During 
each test session, subjects were seated in an F-16 ejection seat mockup with their feet resting on 
a foot pedestal.  While seated, non-invasive measures were recorded including physical, 
physiological, and cognitive parameters.  The physical parameters recorded were the pressures 
and contact areas elicited at the subject-cushion interface, which were collected using a thin film 
pressure mat.  The physiological parameters recorded were the regional blood oxygen saturation 
in the lower extremities.  The cognitive parameter recorded was the performance levels on a 
multi-attribute task battery.  In addition to the objective parameters, subjective comfort 
evaluations were collected at 2-hour intervals during the test session and upon completion of the 
session.  By measuring objective and subjective parameters, existing correlations in the two data 
types could be identified. 
 
Tests were conducted at either the Biomedical Engineering Department of Wright State 
University or in the Biomechanics Branch of the Air Force Research Laboratory.  Prior to data 
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collection, the study plan was approved by both the Wright State University and the Wright-
Patterson AFB Wright Site Institutional Review Boards (IRB).  A series of long-duration 
comfort evaluations were conducted using human volunteer subjects on a variety of cushions.  
Phase I consisted of an 8-hour test time and phase II consisted of a 4-hour test time.  Generalities 
of the test methods will be discussed followed by specifics for each of the two phases.  Subjects 
completed the testing in each phase over a period of four separate days in a sequential counter 
balanced order.  During each test session, subjects were seated in an F-16 ejection seat mockup 
with their feet resting on a foot pedestal.  While seated, non-invasive measures were recorded 
including physical, physiological, and cognitive parameters.  The physical parameters recorded 
were the pressures and contact areas elicited at the subject-cushion interface, which were 
collected using a thin film pressure mat.  The physiological parameters recorded were the 
regional blood oxygen saturation in the lower extremities.  The cognitive parameter recorded was 
the performance levels on a multi-attribute task battery.  In addition to the objective parameters, 
subject comfort evaluations were collected at 2-hour intervals during the test session and upon 
completion of the session.  By measuring objective and subjective parameters, existing 
correlations in the two data types could be identified. 
 
The subject-cushion interface pressure and contact area measurements of the seated surface area 
(buttocks, thighs, and back) were collected before each test session commenced using an 
XSENSORTM  X2 Pressure Imaging System (XSENSOR Technology Corporation, Calgary, 
Canada).  The pressure mat was placed on top of the seat pan and against the back cushion.  
Subjects sat atop the pressure mat for 6 minutes for the static cushions and 10 minutes for the 
dynamic cushions.  Previous studies (Stubbs et al., 2005) have indicated that a 6 minute settling 
period is sufficient time to allow the occupant and cushion to reach a steady state with no 
additional significant pressure fluctuations for static cushions.  A pressure snapshot was recorded 
at the end of the 6 minute period for the static cushions.  Because settling will not occur due to 
dynamics, a 10-minute pressure profile was recorded to capture the changes in pressure and 
contact area for a 10-minute cycle time of dynamic cushions.  This extended duration recorded 
was successfully used in a previous study with dynamic cushions (Pellettiere et al., 2006). 
 
Regional blood oxygen saturation in the lower extremities was measured with either an INVOS® 
Near Infrared Spectroscopy Oximeter (Somanetics Corporation, Troy, MI) or a Bioelectrical 
Impedance Analysis (RJL, Clinton Township, MI).  When using the INVOS® a Soma Sensor 
was placed on the bulk of either the right or left calf muscle depending on which of the two 
ejection seat stations the subject was seated.  The SomaSensor was a flexible adhesive sensor 1” 
x 4” that contained no hazard to the subject.  The INVOS Oximeter collected a steady stream of 
blood oxygenation data over the entire test session.  When using the BIA, the device was also 
fitted over the right calf muscle of the subject.  BIA can show relative blood volume shifts due to 
changes in the electrical properties of a body segment.  Resistance and reactance data was 
collected to estimate blood volume changes.  The Quantum-II Desktop system collected 
continuous data of resistance and reactance in the leg, which can then be correlated to blood 
volume values, from the electrodes over the 4-hour trial period.   
 
At the start of each session in Phase I and every two hours thereafter, the subject completed a 
cognitive task battery (Synthetic Work for Windows or SynWin).  Subjects were trained for up to 
a total of eight hours (four sessions of 2 hours each) to become familiarized with the testing.  A 
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subject was considered adequately trained on the SynWin task performance software when they 
reached an improvement plateau (i.e., their performance on the task did not improve no matter 
how many times they performed the task).  No cognitive task battery was administered during 
Phase II.  
 
During initial training several anthropometric measurements were collected: height, weight, 
sitting height, hip-breadth sitting, and buttock-knee length.  Once subjects were trained, they 
were cleared to complete the cushion seat tests.  The subjects were asked to minimize leg and 
foot movement.  Subjects were provided with an aircrew-type urine collection device for use as 
needed.  All subjects provided an informed consent and the procedures followed an Institutional 
Review Board (IRB) approved protocol. 
 
Every 30 minutes during the Phase I 8-hour tests, the subject performed isometric exercises (foot 
pumps, ankle rotations, and knee lifts) and leg stretching exercises.  During the Phase II 4-hour 
tests, subjects walked for 5 minutes before each 4-hour period in order to reverse any lower-
extremity blood pooling.  Every 60 minutes during the 4-hour tests, the subject was asked to 
perform a “check six” maneuver, isometric exercises, and leg stretching exercises.   
 
At the beginning of each test session, the subject completed an electronic comfort survey (TNO 
Defence, Security and Safety (Oudenhuijzen, 2007)).  At the end of each test session, the subject 
completed an End-of-Day comfort survey.  For the Phase I 8-hour tests, the subjects then 
completed a comfort survey every two hours.  For the Phase II 4-hour tests, the subjects 
completed a comfort survey every hour.  
 
Phase I testing was conducted over an eight hour time period and the methods used were 
developed based upon experience from previous studies (Stubbs et al., 2005 and Parakkat et al., 
2006).  A different study analyzed the time effects during these long-duration comfort studies 
and determined that the same significance can be achieved after a test period of six hours and 
possibly even four hours depending on the number of subjects and variability in the data 
(Pellettiere et al., 2006).  Because subject recruitment and scheduling were difficult in Phase I 
and the time constraints on completing Phase II were short, it was decided to shorten the testing 
time to four hours.  This would allow multiple tests to be conducted on a single day and provide 
flexibility for the subjects.  
 
2.1.1 Test Cells 
For the Phase I 8-hour comfort study, four cushions were used: 
 

1. Cushion A – Operational ACES II F-16 cushion: Currently approved and standard 
ACESS II cushion composed of ConforTM C-47 and Polyethylene with a sheepskin cover 

2. Cushion B – Sereflex cushion- Bingham fluid cushion: Non-Newtonion fluid in 4” square 
pockets separated by a layer of ConforTM C-45 with a fabric cover 

3. Cushion C – Goodrich Air Bladder Cushion Manual Inflation/Deflation: Modified 
version of Cushion A with a set of inflatable bladders on the foam, but under the 
sheepskin, bladders were manually inflated via a pressure bulb   

4. Cushion D – Goodrich Air Bladder Cushion Automatic Inflation/Deflation Modified 
version of Cushion A with a set of inflatable bladders on the foam, but under the 
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sheepskin, bladders were automatically inflated via a batter operated pump and control 
module 

For the Phase II 4-hour study, five combinations of cushions were used.   
 

1. Cushion A- Operational ACES II F-16 cushion: Currently approved and standard ACESS 
II cushion composed of ConforTM C-47 and Polyethylene with a sheepskin cover 

2. Cushion B- Goodrich Air Bladder Cushion Automatic Inflation/Deflation w/C45 foam: 
Similar to cushion A, but with ConforTM C-45 foam and a set of inflatable bladders on the 
foam, but under the sheepskin, bladders were automatically inflated via a batter operated 
pump and control module 

3. Cushion C- Goodrich Air Bladder Cushion Automatic Inflation/Deflation w/C47 foam: 
Similar to Cushion A with a set of inflatable bladders on the foam, but under the 
sheepskin, bladders were automatically inflated via a batter operated pump and control 
module  

4. Cushion D- Oregon Aero ICT Air Bladder cushion: Sculpted block of ConforTM C-47 
foam with a thick fabric cover with a set of air bladders on top of the foam but under the 
cover, bladders were automatically inflated via a battery operated pump and control 
module 

5. Cushion E- Oregon Aero EPCI contoured foam cushion: Sculpted block of ConforTM C-
47 foam with a thick fabric cover 

For both phases of testing, the order of cushions used was varied between subjects using a 
counter balanced sequential testing sequence   
 
2.1.2 Subjects 
For the Phase I 8-hour study, the subjects were recruited by Wright State University (WSU).  
Each subject completed a “Medical Prescreen Questionnaire” that was reviewed by the medical 
monitor to screen any pre-existing risk factors that increase their risk for deep venous 
thrombosis.  The twenty-four (12 males and 12 females) test subjects took part in this study.  The 
subjects had similar anthropometries to the flying population (Figures 3 and 4) with the males 
ranging in height from 66 to 72 inches and in weight from 140 to 185 pounds; females ranged in 
height from 63 to 72 inches and in weight from 125 to 175 pounds.  Subjects were instructed to 
wear comfortable clothing.    
 
For the Phase II 4-hour study, subjects were recruited from the surrounding community and 
college campuses.  Screening was the same as the 8-hour study.  Thirty (15 male and 15 female) 
subjects took part in this study.  The subjects had similar anthropometries to the flying 
population (Figures 5 and 6) with the males ranging in height from 65 to 74 inches and in weight 
from 146 to 198 pounds; females ranged in height from 62 to 72 inches and in weight from 119 
to 155 pounds.  Subjects were dressed in a military flight suit, CWU-27/P.    
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Figure 3.  Male Subject Size for 8-hour Comfort Study Compared to USAF Pilot Size 
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Figure 4.  Female Subject Size for 8-hour Comfort Study Compared to USAF Pilot Size 
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Figure 5.  Male Subject Size for 4-hour Comfort Study Compared to USAF Pilot Size 
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Figure 6.  Female Subject Size for 4-hour Comfort Study Compared to USAF Pilot Size 

 
2.1.3 Test Equipment 
The 8-hour study was held within the WSU engineering laboratories.  All cushions and supports 
were placed on the F-16 seat mockup to obtain pressure and contact area measurements.  The 
seat was mounted such that the rail angle is 34.4° aft of vertical and the seat pan is inclined 4° 
from the horizontal that is consistent with an F-16 seat configuration (Figure 7).  The cockpit 
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mockup also included a laptop computer, a monitor, a keyboard, and a mouse.  The keyboard and 
the mouse tray were adjusted to each subject.   
 
Subjects were required to remain seated in the mockup for the entire 8-hour session with a lap 
belt fastened.  The seat configuration for the 4-hour study was consistent with the 8-hour study 
and was conducted at Wright-Patterson AFB.   
 

 
Figure 7.  Comfort test setup 

 
2.1.4 Data Collection and Analysis 
Data collected consisted of task performance, subjective comfort responses, pressure mapping, 
oxygen saturation for the 8-hour test, and bioelectrical impedance for the 4-hour tests.  Calf 
circumference was recorded at the start of the 8-hour test.  All subjects completed all required 
tests on the cushions.  The order of seat cushions tested was counterbalanced across subjects.   
 
2.1.4.1 Cognitive Task   
At the start of each Phase I test session and every two hours thereafter, subjects completed a 5-
minute cognitive task battery as a measure of performance throughout the 8-hour session.  
SynWin, created by Activity Research Services, was used to obtain objective performance data.  
The SynWin analysis provided a benchmark set of tasks for use in a wide range of laboratory 
studies of operator performance and workload and is similar to the Multi-Attribute Task Battery 
(MATB) (Caldwell, Ramspott & Gardner, 1998; Carmody, 1994; LeDuc & Caldwell, 1998; and 
Caldwell, Smythe, Hall & Norman, 1999).  The software incorporates tasks analogous to 
activities that aircraft crewmembers perform in flight, while providing a high degree of 
experimenter control, performance data on each subtask, and freedom to use non-pilot test 
subjects.  The SynWin primary display is composed of four separate task areas, or windows, 
comprising the memory, arithmetic, visual monitoring, and auditory monitoring tasks (Figure 8).  
The program reports a composite score and individual task scores for each 5-minute test.  Events 
presented to the subject are controlled by command-line switches, which can be easily edited by 
the researcher to manipulate task loading (Bennett, 1984; Arnegard, 1991; and Arnegard & 
Comstock, 1991).  Subjects were trained on SynWin until their scores reached a plateau and 
stabilized prior to starting their first 8-hour test session.  The Warfighter Fatigue 

10 
Distribution A: Approved for public release; distribution unlimited. 

88 ABW Cleared 03/13/2015; 88ABW-2015-1053. 



 
 
 

Countermeasures Branch (711HPW/RHPM) at Brooks City-Base, TX, has successfully used 
SynWin to evaluate human performance in numerous research programs. 
 
No cognitive task analysis was used during the Phase II 4-hour study. 
 

 
Figure 8.  The Four Tasks Comprising the SynWin Task Battery 

 
2.1.4.2 Comfort Survey. 
A comfort survey designed by TNO Defence, Security and Safety (Oudenhuijzen, 2007) was 
used to assess subjective comfort and give an indication of which cushions the subjects 
preferred.  The survey included three parts: the overall physical condition rating (PCR), the local 
perceived discomfort (LPD) for various body parts (Figure 9), and seat ratings.  The survey was 
completed using the computer at selected intervals in the test session.  The PCR consisted of a 
10-point scale ranging from 1 (bad) to 10 (great).   
 
The LPD rating used a 12-point scale ranging from 0 (no discomfort) to 11 (maximum 
discomfort).  The results of the LPD rating were combined for several areas.  The neck consisted 
of areas P, Q, R, S, and T.  The back combined the areas A, B, C, and D to L.  The arms and 
shoulders included areas AA-KK, G, H, O, and M.  The buttocks included areas LL and SS.  The 
legs combined the areas of the upper legs (MM and TT) to the feet (ZZ, RR).  The various body 
areas are depicted in Figure 9.   
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Figure 9.  Comfort Survey Body Parts 

 
For the seat ratings, the subjects rated the amount of seat support for the body parts on a 7-point 
scale ranging from -3 (not supported properly), 0 (proper support), to +3 (too much support).  
The subjects also rated the seat comfort for the same body parts on a scale from 1 (bad) to 5 
(good).  The seat firmness was rated on a 7-point scale ranging from -3 (too weak), 0 (OK), to +3 
(too firm).  The overall comfort was rated between 1 (uncomfortable) to 5 (comfortable).  
 
2.1.4.3 Pressure Measurement.   
For both the Phase I 8-hour and the Phase II 4-hour studies, pressure measurements were 
obtained using the XSENSORTM X2 Pressure Mapping System.  The system consisted of two 
thin mats, each containing a 36 x 36 array of sensors, a data interface cable, a data acquisition 
module, and PC software for data analysis (Figure 10).  The sensor mats are extremely thin (0.1 
mm) and pliable, enclosed in a nylon covering, and conform to the shape of any surface on 
which they are placed.  The sensor mats were placed on top of the seat and back cushions and the 
subjects sat on top of the sensor mat.  Pressure measurement systems such as this have been used 
extensively in the past for medical, automotive, and manufacturing pressure evaluations 
(Ferguson-Pell & Cardi, 1992).  The  XSENSORTM  software interface is highly user-
configurable and allows for recording data over a span of time or as a still frame snapshot in 
time.  Subject pressure snapshots were collected at the beginning of each test session following a 
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6-minute settling period for the static cushions.  For the dynamic cushions, a time history of the 
pressure and contact area distribution was collected for a 10 minute cycle of inflation and 
deflation.  

  

 
Figure 10.  XSENSORTM Pressure Mat System 

 
2.1.4.4 Oxygen Saturation Measurement   
For the 8-hour study, measurement of oxygen saturation of the tissues below the buttocks region 
was critical in objectively measuring the comfort and tolerance relationship of the subject.  The 
Somanetics INVOS NIRS Oximeter was used to collect oxygen saturation and blood volume 
data.  The sensor was placed on the bulk of the calf muscle.  Data was collected and stored in 
real time at a rate of approximately 10 samples per minute. 
 
2.1.4.5 Bioimpedance Analysis (BIA) 
For the 4-hour study, an RJL Quantum-II Desktop System (RJL, Clinton Township, MI) was 
used to record the resistance and reactance within the lower leg to determine blood volume 
changes.  The Quantum-II Desktop System consists of a keyboard and hardware accessories 
(electrodes, cables, etc.), and interfaces with a desktop computer via software.  4 band electrodes 
are placed on the segment of interest (Figure 11). 
 

 
Figure 11.  BIA electrode placement 
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The BIA collected represents a series model of resistance and the reactance.  The parallel model 
of resistance and reactance is a better equivalent to the biological circuit network and is how 
capacitance must be calculated.  The following equations were used to calculate the capacitance 
from the series data collected. 
 
Parallel Reactance = Reactance + (Resistance2/Reactance)    (1) 
Capacitance (Pf) = (1*1012) / (2*π*50000*Parallel Reactance)   (2)  
 
2.2 Simulator Testing 
The operational ACES II, Goodrich Air Bladder, and Oregon Aero contoured cushions were 
installed into simulators in the Air Vehicles Directorate of AFRL (AFRL/RB) to get feedback 
from eleven pilots during 1-hour simulator flights.  The focus of this study was to determine if 
either of the prototype cushions had a negative effect on the pilot’s performance. It was 
determined that the cushions were not statistically different from one another with respect to the 
effect on the pilot’s performance during a series of approaches and landings over the course of 
one hour in the simulator.  
 
Goodrich Air Bladder prototype cushions were put in B-2 simulators at Whiteman AFB, MO 
during a 24-hour simulation flight.  The pilots were instructed on their use and asked to perform 
their missions as they normally would.  Following the simulations, they were provided a short 
questionnaire.  Four pilots used the cushions and all four provided positive feedback on the 
performance of the air bladder cushions. 
 
2.3 Modeling 
Modeling and Simulation (M&S) can be used to augment the availability of data for both the 
safety performance and comfort aspects for the design of seating systems.  The use of M&S to 
design seat cushions, taking the safety performance into consideration, has been well 
documented (Cheng, Rizer & Pelletiere, 2003; Cheng et al., 2002b; Pellettiere & Cheng, 2004).  
This modeling process should follow a rigorous approach ensuring validation of the occupant 
and seat model throughout (Pellettiere & Cheng, 2007 and Pellettiere, McHenry, Hu & Yang, 
2008).  One of the important parameters for the M&S of the seat cushions is the mechanical 
behavior of the materials used in the construction of the cushions (Pint et al., 2000).  These 
materials could have some rate dependency, thus necessitating the use of non-linear methods and 
the development of visco-elastic material models (Cheng et al., 2003 and Cheng & Pellettiere, 
2004b).  Once the models for the foam materials had been developed, it was then necessary to 
continue this modeling effort to characterize the properties of human flesh (Darvish, Cheng, 
Smith & Pelletiere, 2008).  This is extremely important for the comfort analysis as these 
properties will directly affect the interface pressures that would be generated (Cheng, Smith, 
Pelletiere & Fleming, 2007).  The seat interface pressures would then be one of the parameters 
used in the validation process to determine the correlation between the model and the test data 
collected during the seat comfort studies.  The result of this was a detailed finite element buttock 
and seat cushion finite element model to simulate pressure distributions which could then be 
used to predict comfort of different cushions. 
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2.4 Cockpit Accommodation 
Sitting heights of 6 female and 7 male comfort test subjects were recorded using traditional 
anthropomety and an ACES II ejection seat.  The males ranged in height from 66 to 73 inches 
and weight from 122 to 198 pounds.  The females ranged in standing height from 62 to 68 inches 
and weight from 120 to 156 pounds.  These test subjects were a subset of the subjects used in the 
Phase II comfort testing.  The baseline ACES II cushion, the Goodrich air bladder cushion 
prototype, and the Oregon Aero contoured foam cushion prototype were tested and compared for 
differences in sitting height in the vertical direction with the head on or off the headrest as well 
as an angled sitting height with the head on the headrest.  It should be noted that these measures 
were just to gather some preliminary data along with the comfort testing as no repeated measures 
were collected.  It is recommended that a more complete study be conducted at a later date to 
fully assess any changes to the sitting height.   
 
2.5 Vertical Impact 
A series of +Z axis impact tests were conducted on the Vertical Deceleration Tower (VDT) 
(Figure 12) at Wright-Patterson Air Force Base, OH.  Three manikins, a small female (LOIS) 
weighing 114 lbs., mid-sized male (50th percentile Hybrid III Aerospace) weighing 180 lbs., and 
a large male (LARD) weighing 247 lbs. were used in this test program to simulate human 
response.  Data collection consisted of manikin lumbar and cervical spine loads/forces and 
moments, head, chest and pelvis accelerations, shoulder straps and lap belt loads, seat pan and 
cushion accelerations, seat pan loads, carriage acceleration, carriage velocity, and high speed 
video.  The data collected was used to support an objective analysis of the cushions’ responses to 
impact.  The impact test data has been uploaded and archived to the 711 HPW/RHPA 
Collaborative Biomechanics Data Network (CBDN) at https://www.biodyn.wpafb.af.mil.   
 

Figure 12.  Vertical Deceleration Tower (VDT) 
 
2.6 Environmental 
A full range of environmental tests were completed on the baseline ACES II cushion, Goodrich 
AIP air bladder cushion and Oregon Aero contoured foam cushion.  Testing was accomplished 
by Dayton T. Brown, Bohemia, NY.  The tests completed include:  
 
- High Temperature: Method 501.4, Procedures I and II 
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- Low Temperature: Method 502.4, Procedures I and II  
- Humidity: Method 507.4, 5 48-Hour Cycles, +140°F, 95% RH 
- Fungus: Method 508.5, 28 Days  
- Salt Fog: Method 509.4, 96 Hours, Alternating 24 Hours Wet/24 Dry  
- Dust: Method 510.4, Procedure I, 12 Hours 
- Sand: Method 510.4, Procedure II, 90 Minutes/Side  
- Explosive Decompression: Method 500.4, Procedure IV, 8,000 Ft. to 40,000 Ft, Measure 

Deflection 
- Altitude Cycling Low Pressure: 1,000 - 12,000 Ft, 1000 Cycles Ambient Temp, Run Cycle = 

11Min., No Dwell Time   
- Flammability: FAA FAR 25, Appendix F, Part 1 (b)(4) 
- Low Smoke Density: Boeing Specification Support Standard BSS 7238   
- Low Toxicity: Boeing Specification Support Standard BSS 7239  
- Electrical Surface Resistivity: AATCC-76-2000  
- EMI Testing: IAW MIL-STD-461E  
 - Radiated Emissions: RE102 (10 kHz to 18 GHz) 
 - Radiated Susceptibility: RS103 (2 MHz to 18 GHz at 60 V/m) 
 
2.7 Vibration 
A study was conducted to compare the biodynamic, subjective comfort, and occupant 
performance effects of the Goodrich air bladder seat pan cushion (Cushion B) and the Oregon 
Aero contoured prototype seat pan cushion (Cushion E) versus the standard seat pan cushion 
(similar to Cushion A) used in high performance military jets during exposure to low levels of 
vibration (Smith & Jurcsisn, 2010).  Level flight vertical axis (Z) vibration acceleration collected 
on the F-15 was recreated in the 711 HPW/RHPA human-rated single-axis vibration facility.  
Subjects performed the NASA Multi-Attribute Task Battery (MATB) during 30-minute 
exposures to the vibration while seated on either a prototype cushion or the standard cushion.  
MATB is a PC-based multi-component performance test battery created by NASA.  Figure 13 
includes a subject performing the task.  Figure 14 shows a more detailed view of the task display.   
 
There were four tasks which the subjects conducted simultaneously.  The tasks included a visual 
monitoring task with dials and lights (System Monitoring), a visual tracking task using a joystick 
(Tracking), a resource management task (Resource Management and Pump Status) and an 
auditory monitoring task (Communications).  For this study, the Scheduling task was not 
performed.  The joystick and keyboard-controlled tasks were generated onto a flat-panel display 
located in front of the subject (similar to one’s desktop computer).  The software package 
included the analysis of several variables depending on the particular task.  In this study, the 
following task variables were included in the evaluation:  Communications Response Time, 
Communications Response Error, Dials Response Time, Dials Response Error, Lights Response 
Time, Lights Response Error, System Monitoring Error, Tanks Deviation, and Tracking Error. 
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Following the exposure with each cushion, the subjects responded to the seat comfort survey 
developed by the TNO Defence, Security and Safety as described in Section 2.1.4.2.  In addition 
the subjects were also exposed to a flat acceleration spectrum for evaluating the transmissibility 
characteristics of the tested seat cushion at the occupant/seat interface.  Following a short rest 
period of approximately 5 minutes, during which time the cushion was replaced with either the 
prototype or standard, the subjects were again exposed to the low frequency vibration for 30 
minutes and the process was repeated.  Three sets of repetitions were performed for each 
prototype on separate days, and included switching the order of the cushion testing. 
 
2.8 Sled Testing 
The air bladder cushion was used during a Goodrich ACES V developmental ejection sled test.  
The sled test (HMTF 1045) was a 250KEAS test with a Large Anthropomorphic Device (LARD) 
manikin to represent a 95%ile occupant in height and weight.  The cushion replaced the standard 
ACES cushion.  Manikin lumbar loads were collected during ejection and compared to lumbar 
load injury criteria. 
 
2.9 Flight Testing 
Flight testing was performed to validate the utility and additional benefit of the cushions in a 
flight environment.  The purpose of testing was two-fold: first, to evaluate the air bladder seat 
cushion for aircrew acceptability and, second, to evaluate the seat cushion for aircrew comfort. 
 
Developmental flight testing of the air bladder seat cushion was performed at the AF Flight Test 
Center (AFFTC) located at Edwards AFB, CA in F-16C aircraft.  The responsible test 
organization was the 412th Test wing.  The 445th Flight Test Squadron conducted the testing.  

STD 

PRA PRC 

Figure 14.  Subject Seated in Single-
  

Figure 14.  MATB Multi-Attribute Task  
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One dedicated sortie and eighteen follow-on flight test missions were conducted, totaling nearly 
23 test hours.  Ten different test pilots evaluated the cushions.   
 

3.0 RESULTS AND DISCUSSION 

3.1 Comfort Testing 
The XSENSOR pressure measurement system permits a wide variety of options for pressure 
mapping.  Primary measurements were contact area, peak pressure, and area of peak pressure.  
After a six minute settling period these values will be recorded for five minutes for Cushions A, 
B, C and for eight minutes for Cushion D.  Previous research has shown the best cushions 
usually have the lowest peak pressures, equal pressure distribution per half area, and largest 
overall contact areas (Stubbs et al., 2005).  This is true for foam type cushions; however air 
bladder cushions are different.  The higher peak pressures results in a more comfortable cushion.  
The high peak pressure indicates that the air bladder is making good contact with the surface of 
the body, thus lifting the occupant in order to stimulate blood flow to the lower extremities.  The 
air bladder cushion cycles through an inflation and deflation cycle, so over time, the peak 
pressure will change and not be a constant.  This makes a direct comparison of just the pressure 
distribution difficult.  
 
Only the data from the 8-hour Phase I testing was analyzed for peak and average pressure and 
contact area.  The Phase II data was subjectively evaluated and will be documented in a future 
report.  Cushion C had the highest average seat pressure, around 0.67 Psi, whereas Cushion B 
had the lowest average seat pressure around 0.6 Psi (Figure 15).  For male subjects, Cushion C 
had the highest average seat pressure of 0.70 Psi and Cushion B had the lowest average seat 
pressure of 0.63 Psi.  For female subjects, Cushion C had the highest average seat pressure of 
0.64 Psi, but Cushion A had the lowest average seat pressure of 0.59 Psi.  Cushion A had the 
lowest contact area of 212.67 Sq in, while cushion C had the highest contact area of 219.82 Sq in 
(Figure 16).  For male subjects, Cushion A had the lowest contact area of 211.84 Sq in and 
Cushion D had the highest contact area of just over 220 Sq in.  For female subjects, Cushion A 
had the lowest contact area of 213 .85 Sq in Cushion B had the highest contact area 221.12 Sq in. 
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Figure 15.  XSensor Pressure Results (Phase I 8-hour Study) (Units are PSI/100) 
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Figure 16.  XSensor Contact Results (Phase I 8-hour Study) 
 
The Oximeter data were analyzed for changes in oxygen saturation over the eight hours.  
Twenty-four subjects (12 female, 12 male) had completed data from participation in this study.  
O2 saturation was measured on the bulk of the calf muscle approximately every 5 seconds.  
Baseline saturation was defined as the O2 measured over the first 5 minutes.  Average saturation 
values during baseline, after baseline until 2 hours, from 2 hours through 4 hours, from 4 hours 
through 6 hours, and from 6 hours through 8 hours were determined for each subject.  These 
averages were then averaged across subjects (Table 1 and Figure 17).  
 
Table 1.  Mean percent change in O2 saturation from baseline (first 5 minutes).  
p-values are from two-tailed t-tests without pooled error (i.e., each test only used percent 
changes from that group, time change, and cushion) for Ho: mean % change = 0. 

Time  Overall Female Male 
Change Cushion Mean p Mean p Mean p 

0-2 Hr 

A -3.28 0.0024 -1.78 0.1893 -4.78 0.0065 
B -0.24 0.6887  1.29 0.6258 -1.78 0.0730 
C -1.97 0.0898 -2.58 0.1616 -1.36 0.3348 
D -3.41 0.0081 -2.06 0.2845 -4.75 0.0128 

0-4 Hr 

A -4.50 0.0020 -1.61 0.4368 -7.38 0.0008 
B -2.30 0.0555  0.84 0.6580 -5.44 0.0138 
C -3.45 0.0412 -2.23 0.3350 -4.67 0.0745 
D -4.47 0.0131 -0.44 0.9942 -8.50 0.0014 

0-6 Hr 

A -4.86 0.0008 -1.30 0.5223 -8.41 0.0002 
B -2.74 0.0748  0.22 0.8913 -5.69 0.0185 
C -2.74 0.0933  0.92 0.7151 -6.39 0.0136 
D -4.67 0.0104 -0.69 0.9228 -8.65 0.0014 

0-8 Hr A -4.39 0.0030 -0.46 0.8182 -8.31 0.0007 
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B -2.47 0.0565  0.59 0.8472 -5.54 0.0085 
C -1.41 0.3872  1.70 0.5737 -4.52 0.0512 
D -4.75 0.0110 -1.14 0.8694 -8.36 0.0010 

 
 

 
Figure 17.  Mean percent change in O2 saturation from baseline (first 5 minutes) 

Using two-tailed t-tests, none of the mean percent changes were significant (p > 0.1616) for the 
females, however, all of the  percent changes for the males were significant (p ≤ 0.05) except 
cushions B and C at 0-2 Hr, cushion C  at 0-4 Hr, and cushion C at 0-8 Hr. 
 
Paired comparisons of cushion were made for each combination of group (overall, female, male) 
and time change using two-tailed paired t-tests for females and males and two-tailed t-tests 
adjusting for gender for overall.  There were no significant paired comparisons for females or 
males (p > 0.0660).  The only significant paired tests (p ≤ 0.05) for overall were A vs. B at 0-2 
Hr (p = 0.0098), B vs. D at 0-2 Hr (p = 0.0232), and C vs. D at 0-8 Hr (p = 0.0347). 
 
A mixed model analysis of variance was performed using gender as a between factor with time 
change and cushion within factors.  Subject was considered random and effects involving subject 
were used as the error term for all tests (Table 2).  Significant effects were gender (mean % 
change: female = -0.6, male = -5.9) and gender*time change.  Repeated measures analyses of 
variance for each gender separately showed little change over the 8 hours for the females (p = 
0.3747) while males had significant differences over the 8 hours (p = 0.0001).  In particular, for 
the males there was a significant difference between 0-2 hours and each of the other three time 
changes (p ≤ 0.0004) with no significant paired differences among 0-4 hours, 0-6 hours, and 0-8 
hours (p > 0.4208).  Male mean percent change for each time change were: 0-2 hours = -3.2%, 0-
4 hours = -6.5%, 0-6 hours = -7.3%, 0-8 hours = -6.7%. 
 

Table 2.  Results from mixed model analysis of variance 
G-G is Greenhouse-Geisser correction. 

  Source DF SS DFe SSe F p G-G Ep G-G p 
  Gender (G) 1 2770.20   22 6988.66 8.72 0.0074   
  Time (T) 3   139.37   66 1342.52 2.28 0.0870 0.52 0.1279 
  Cushion (C) 3   443.42   66 5755.51 1.69 0.1766 0.77 0.1898 
  G*T 3   421.25   66 1342.52 6.90 0.0004 0.52 0.0056 
  G*C 3     94.22   66 5755.51 0.36 0.7820 0.77 0.7290 
  T*C 9     63.92 198 1525.37 0.92 0.5071 0.50 0.4624 

21 
Distribution A: Approved for public release; distribution unlimited. 

88 ABW Cleared 03/13/2015; 88ABW-2015-1053. 



 
 
 

  G*T*C 9     87.31 198 1525.37 1.26 0.2613 0.50 0.2897 
 
Females showed little change in O2 saturation over time and among the cushions.  Males showed 
a significant drop in O2 saturation from baseline to 2 hours and from 2 hours to 4 hours.  After 4 
hours, O2 saturation stabilized.  For the males, statistical tests were not able to show meaningful 
differences in the cushions, however, means and a few paired tests indicated cushions B and C 
had similar results while cushions A and D had similar results with cushions A and D having 
greater decreases in O2 saturation than cushions B and C. 
 
The SynWin software package has built-in capabilities for score evaluation and also allows for 
export to Microsoft Excel for greater user control of evaluation.  Pertinent data such as reaction 
time and false selections are scored.  For this evaluation, only the total composite score as 
provided by SynWin was used.  It can be observed that the overall scores improved over the 8-
hour period (Figure 18) especially for cushion B, subjects exhibited a steady increase in 
performance until the end.  Interestingly, the male performance while seated on cushion D 
steadily increased over the 8-hour session as compared to the female subjects. A decline in 
performance is observed for cushion A, but this decline cannot be conclusively attributed to the 
comfort level of the cushions.  This issue requires further analysis.  The scores could have 
improved from learning effects on the required task.   
 
 
 

 
 

Figure 18.  SynWin Task Results (Phase I 8-hour Study) 
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The comfort survey data were evaluated to identify trends for each cushion.  An issue with the 
data storage from Phase I was encountered which prevented a meaningful analysis.  If this can be 
resolved in the future, then the results from Phase I will be presented at that time.  For now, only 
the data from Phase II was analyzed. 
 
Figure 19 shows the Local Perceived Discomfort (LPD) plus one standard deviation for the back, 
buttocks, and legs for all test subjects for each of the five cushions tested over the 4-hour time 
period (Phase II).  These combined body areas showed the highest ratings.  The perception of 
discomfort is less when the number is closer to 0, thus resulting in a more comfortable cushion. 
The figure shows that, although the mean values were quite low, the variations in the LPD were 
quite large among the subjects.  There was a tendency for increasing discomfort with time 
(statistical analysis not done).  For the 4th hour LPD, the Repeated Measures Analysis of 
Variance (RM ANOVA) and Bonferroni t-test showed that Cushion A produced a significantly 
higher discomfort value as compared to Cushion D (P≤0.05).  No other significant effects were 
observed in the LPDs.   
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Figure 19.  Local Perceived Discomfort (LPD) (Phase II 4-hour Study) 
 
Figure 20 illustrates the mean seat ratings plus one standard deviation for the seat pan firmness, 
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support and comfort.  The absolute values of the firmness and support ratings were used for the 
analysis. 
 

 
Figure 20.  Seat Ratings (Phase II 4-hour Study) 

 
The RM ANOVA and Bonferroni t-test showed that the seat pan firmness rating for Cushion B 
was significantly lower as compared to Cushion A, indicating that Cushion B, which showed the 
lowest mean absolute rating, had more adequate firmness (P≤0.05).  The statistical analysis 
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showed that the buttocks support rating for Cushion B was significantly lower as compared to 
Cushion A, indicating that Cushion B, which showed the lowest mean absolute support, had 
more adequate buttocks support (P≤0.05).  The statistical analysis also showed that the buttocks 
comfort rating for Cushion B was significantly higher as compared to Cushions A and D, 
indicating that Cushion B, which showed the highest mean comfort rating, provided greater 
buttocks seated comfort (P≤0.05).  No other significant effects were observed in the seat ratings. 
 
3.2 Simulator Testing 
All 11 pilots provided positive feedback on the cushions and no negative effects on the pilot’s 
performance were noted.  It was determined that the cushions were not statistically different 
from one another with respect to the effect on the pilot’s performance during a series of 
approaches and landings over the course of one hour in the simulator.  
 
All 4 pilots who used the air bladder cushions in the B-2 simulators for 24 hours provided 
positive feedback on the performance of the air bladder cushions.  Specific feedback is not 
contained in this report as assurances were made to the community that their comments would 
remain protected and their purpose was to gather evaluative data on which to base design 
decisions. 
 
3.3 Modeling 
The comfort performance of a cushion can be improved by optimizing its material properties and 
configuration.  Computational modeling and simulation of various designs can be an effective 
and efficient way to optimize the comfort performance of a cushion.  
 
Whereas an FE human buttock model was developed in this project, more work on the model is 
needed in order to use it for practical applications, which includes the model validation, 
modification, and refinement.  To scale the base model, especially the buttock outer shape to 
represent a particular test subject according to his or her 3D laser scan data, is one of our 
interests and will be investigated in the future.  
 
The results of the modeling were presented at the 2007 Digital Human Modeling Conference 
(Cheng et al., 2007).  Additional information on the modeling efforts is located in Appendix B. 
 
3.4 Cockpit Accommodation 
Subject sitting height (Table 3) was measured during comfort testing of the cushions for some 
subjects.  The sitting height difference between the standard ACES II cushion and the prototype 
cushions are recorded here.  On average for the female subjects (weight not accounted for) the 
air bladder cushion raised the subject 1.7cm (0.67in) while the foam cushion raised the subject 
2.4 in (0.95in).  For the male subjects, the air bladder cushion raised the subject 1.3cm (0.51in) 
and the contoured foam cushion 2.9cm (1.14in).  Numbers in parentheses are the standard 
deviation.  Note these are quite high as there were only a few subjects and the weight of subject 
was not accounted for.  It is recommended that a more complete study be conducted on the 
changes to the sitting height for the cushions to be conducted which includes more subjects, 
repeated measures and control of the inflation cycle of the air bladder. 
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Table 3.  Sitting Height Changes vs. Standard Cushion (cm) 

 *Only Large Males used 
 

3.5 Vertical Impact 
3.5.1 Evaluation Criteria 
The resultant lumbar load limits are as follows: 
5th Percentile (LOIS):  Less than 1,000 pounds transferred to the lumbar area when exposed to 
vertical impact tests of 12 nominal Gz at 28-31 Feet per Second maximum velocity, Pulse 
Duration 140-150 Milliseconds and Rise Time between 65-70 Milliseconds. 
 
50th Percentile:  Less than 1,500 pounds transferred to the lumbar area when exposed to vertical 
impact tests of 12 nominal Gz at 28-31 Feet per Second maximum velocity, Pulse Duration 140-
150 Milliseconds and Rise Time between 65-70 Milliseconds. 
 
95th Percentile:  Less than 2,200 pounds transferred to the lumbar area when exposed to vertical 
impact tests of 12 nominal Gz at 28-31 Feet per Second maximum velocity, Pulse Duration 140-
150 Milliseconds and Rise Time between 65-70 Milliseconds. 
 
Rationale for the maximum lumbar load limits 
The dynamic test lumbar spinal load of 2206 pounds for the large manikin was calculated based 
on the Federal Aviation Administration’s maximum load of 1500 pounds for a 170 pound 
occupant.  The number was scaled up to be commensurate with the seat cushion assembly 
specification requirement for a 250 pound occupant using the following formula: 
 

1500 lb X 250 lb   = 2206 lb 
170 lb 

 
Likewise, the number was scaled down to be commensurate with the seat cushion assembly 
specification requirement for the small occupant. 
 
3.5.2 Results 
The resultant lumbar loads for both the November 2007 (Table 4) and January 2009 (Table 5) 
passed the acceptance criterion. 
 

Table 4.  Manikin Resultant Lumbar Loads for November 2007 
Cushion Manikin Level 

(G) 
Resultant 
Load (lbs) 

Cushion Type Notes 

A 95th 
Aero 

12 1817 Goodrich ACES II  Std ACES II cushion 

 

Air Bladder 
Cushion 

Oregon Aero 
Foam 

Cushion 

Oregon Aero Foam 
Cushion after 

15min* 
Female 1.7 (0.4) 2.4 (0.7) 

 Male 1.3 (1.15) 2.9 (0.47) 1.1 (0.33) 
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A 95th 
Aero 

12 1777 Goodrich ACES II  Std ACES II cushion 

Ba 95th 
Aero 

12 1825 Goodrich C45 Air Bladder 
w/blow off valve 

Normal Operation 1 
bladder filled ~3 psi 

Ba 95th 
Aero 

12 1853 Goodrich C45 Air Bladder 
w/blow off valve 

Normal Operation 1 
bladder filled ~3 psi 

Bb 95th 
Aero 

12 1818 Goodrich C47 Air Bladder 
w/blow off valve 

Normal Operation 1 
bladder filled ~3 psi 

Bb 95th 
Aero 

12 1780 Goodrich C47 Air Bladder 
w/blow off valve 

Normal Operation 1 
bladder filled ~3 psi 

C 95th 
Aero 

12 1782 Oregon Aero EPCT Foam Similar to current B2 
cushion 

C 95th 
Aero 

12 1725 Oregon Aero EPCT Foam Similar to current B2 
cushion 

A 50th 
Aero 

12 1334 Goodrich ACES II  Std ACES II cushion 

A 50th 
Aero 

12 1292 Goodrich ACES II Std ACES II cushion 

Ba 50th 
Aero 

12 1347 Goodrich C45 Air Bladder 
w/blow off valve 

Normal Operation 1 
bladder filled ~3 psi 

Ba 50th 
Aero 

12 1294 Goodrich C45 Air Bladder 
w/blow off valve 

Normal Operation 1 
bladder filled ~3 psi 

Bb 50th 
Aero 

12 1263 Goodrich C47 Air Bladder 
w/blow off valve 

Normal Operation 1 
bladder filled ~3 psi 

Bb 50th 
Aero 

12 1409 Goodrich C47 Air Bladder 
w/blow off valve 

Normal Operation 1 
bladder filled ~3 psi 

Bb 50th 
Aero 

12 1394 Goodrich C47 Air Bladder 
w/blow off valve 

Normal Operation 1 
bladder filled ~3 psi 

C 50th 
Aero 

12 1415 Oregon Aero EPCT Foam Similar to current B2 
cushion 

C 50th 
Aero 

12 1389 Oregon Aero EPCT Foam Similar to current B2 
cushion 

A 5th Lois 12 644 Goodrich ACES II  Std ACES II cushion 
A 5th Lois 12 634 Goodrich ACES II  Std ACES II cushion 
Ba 5th Lois 12 627 Goodrich C45 Air Bladder 

w/blow off valve 
Normal Operation 1 
bladder filled ~3 psi 

Ba 5th Lois 12 709 Goodrich C45 Air Bladder 
w/blow off valve 

Normal Operation 1 
bladder filled ~3 psi 

Ba 5th Lois 12 682 Goodrich C45 Air Bladder 
w/blow off valve 

Normal Operation 1 
bladder filled ~3 psi 

Bb 5th Lois 12 691 Goodrich C47 Air Bladder 
w/blow off valve 

Normal Operation 1 
bladder filled ~3 psi 

Bb 5th Lois 12 634 Goodrich C47 Air Bladder 
w/blow off valve 

Normal Operation 1 
bladder filled ~3 psi 

Bb 5th Lois 12 668 Goodrich C47 Air Bladder 
w/blow off valve 

Normal Operation 1 
bladder filled ~3 psi 
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C 5th Lois 12 679 Oregon Aero EPCT Foam Similar to current B2 
cushion 

C 5th Lois 12 672 Oregon Aero EPCT Foam Similar to current B2 
cushion 

 
Table 5.  Resultant Lumbar Loads for January 2009 

Cushion Manikin Level 
(G) 

Resultant 
Load (lbs) 

Cushion Type Notes 

A 95th 
Aero 

12 1440 Goodrich F-16 ACES II 
Foam  

Std ACES II cushion 

A 95th 
Aero 

12 1488 Goodrich F-16 ACES II 
Foam  

Std ACES II cushion 

A 95th 
Aero 

12 1418 Goodrich F-16 ACES II 
Foam  

Std ACES II cushion 

B 95th 
Aero 

12 1463 Goodrich C47 Air Bladder Normal Operation 1 
bladder filled ~3 psi 

B 95th 
Aero 

12 1369 Goodrich C47 Air Bladder Normal Operation 1 
bladder filled ~3 psi 

B 95th 
Aero 

12 1465 Goodrich C47 Air Bladder Normal Operation 
0.5 PSI in both 
bladders 

B 95th 
Aero 

12 1328 Goodrich C47 Air Bladder Normal Operation 
0.5 PSI in both 
bladders 

C 95th 
Aero 

12 1431 Oregon Aero EPCT Foam Similar to current B2 
cushion 

C 95th 
Aero 

12 1394 Oregon Aero EPCT Foam Similar to current B2 
cushion 

A 50th 
Aero 

12 1200 Goodrich F-16 ACES II 
Foam  

Std ACES II cushion 

A 50th 
Aero 

12 1176 Goodrich F-16 ACES II 
Foam  

Std ACES II cushion 

B 50th 
Aero 

12 1099 Goodrich C47 Air Bladder Normal Operation 1 
bladder filled ~3 psi 

B 50th 
Aero 

12 1135 Goodrich C47 Air Bladder Normal Operation 1 
bladder filled ~3 psi 

B 50th 
Aero 

12 1073 Goodrich C47 Air Bladder Normal Operation 
0.5 PSI in both 
bladders 

B 50th 
Aero 

12 1141 Goodrich C47 Air Bladder Normal Operation 
0.5 PSI in both 
bladders 

C 50th 
Aero 

12 1157 Oregon Aero EPCT Foam Similar to current B2 
cushion 

C 50th 12 1127 Oregon Aero EPCT Foam Similar to current B2 
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Aero cushion 
A Lois 12 803 Goodrich F-16 ACES II 

Foam  
Std ACES II cushion 

A Lois 12 839 Goodrich F-16 ACES II 
Foam  

Std ACES II cushion 

B Lois 12 993 Goodrich C47 Air Bladder Normal Operation 1 
bladder filled ~3 psi 

B Lois 12 885 Goodrich C47 Air Bladder Normal Operation 1 
bladder filled ~3 psi 

B Lois 12 958 Goodrich C47 Air Bladder Normal Operation 
0.5 PSI in both 
bladders 

B Lois 12 947 Goodrich C47 Air Bladder Normal Operation 
0.5 PSI in both 
bladders 

C Lois 12 897 Oregon Aero EPCT Foam Similar to current B2 
cushion 

C Lois 12 879 Oregon Aero EPCT Foam Similar to current B2 
cushion 

 
A total of 52 tests were conducted and analyzed at the 12 G level.  The tests were conducted at 
12 G on the Air Force Research Laboratory’s Vertical Deceleration Tower at Wright-Patterson 
Air Force Base, OH, using a small (LOIS), mid-sized (modified 50th percentile aerospace Hybrid 
III) and large manikin (LARD). 
 
In order to quantify the phase I production seat pan cushions’ responses to the acceleration 
levels, and investigate the occupant risk implications associated with these cushions, one should 
consider the resultant lumbar loads (lbf). 
 
Generally, the phase I production supplied cushions resulted in similar resultant lumbar loads for 
the all manikins tested as compared to those of the baseline factory-installed F-16 ACES II 
cushions.   
 
None of the lumbar loads exceeded the recommended maximum lumbar load limits.  None of the 
seat pan DRI’s exceeded the limit of 18.  
 
When the November 2007 and January 2009 lumbar loads are compared, the measured lumbar 
loads between the two test series are different for each occupant size.  This is due to differences 
in the ballasting of the manikin.  Of most importance is the consistency of lumbar loads between 
cushions that show no additional probability of injury with the prototype cushions.   
 
For the 95%ile Male manikin, resultant lumbar loads were similar between the cushions and well 
below the lumbar load criteria of 2200lbs (Figures 21 and 22).   
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Figure 21.  95%ile Male Manikin Resultant Lumbar Loads (lbs) 2009 

 

  
Figure 22.  95%ile Male Manikin Resultant Lumbar Loads (lbs) 2007 

 
 

For the 50%ile male manikin, resultant lumbar loads were also similar between cushions and 
also well below the JSF lumbar load criteria of 1500lbs (Figures 23 and 24). 
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Figure 23.  50%ile Male Manikin Resultant Lumbar Loads (lbs) 2009 

 
 

 
Figure 24.  50%ile Male Manikin Resultant Lumbar Loads (lbs) 2007 

 
 

For the 5%ile female manikin, resultant lumbar loads were similar between cushions (Figures 25 
and 26).  Of note the lumbar loads for the air bladder cushion were close to the lumbar load 
criteria of 1000lbs.  However, the measured loads from 2009 when compared to data collected in 
2007 are consistently higher.  This is caused due to differences in ballasting the mankin.  Of 
most importance is the consistency of lumbar loads between cushions that show no additional 
probability of injury with the prototype cushions. 
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Figure 25.  5%ile Female Manikin Resultant Lumbar Loads (lbs) 2009 

 
 

 
Figure 26.  5%ile Female Manikin Resultant Lumbar Loads (lbs) 2007 

 
3.6 Environmental 
A summary of the environmental results are given below.  The full test report is attached as 
Appendix E.  The full test report for the EMI testing is in Appendix F.  The full test report for the 
flammability testing is located in Appendix G. 
 
High temperature storage and operation – The air bladder cushion functioned after the storage 
test.  The air bladder cushion malfunctioned during and after operation of the test.  The cushion 
was reset several times in an attempt to get it working.  This failure was most likely caused from 

0

200

400

600

800

1000

1200

A A Ba Ba Ba Bb Bb Bb C C

5%ile Female Manikin Resultant Lumbar 
Loads (lbs) 2007 

A - Standard ACES II 
B - Air Bladder 
C - Oregon Aero 

33 
Distribution A: Approved for public release; distribution unlimited. 

88 ABW Cleared 03/13/2015; 88ABW-2015-1053. 



 
 
 

an electric static discharge (ESD) flaw in the version of the prototype cushion tested.  This test 
will need to be repeated prior to a full safe-to-fly. 
 
Humidity – The air bladder cushion functioned immediately after humidity test, though 
malfunctioned a few minutes later.  This failure was most likely caused from a now-fixed flaw in 
the cushion.  This test will need to be repeated prior to a full safe-to-fly. 
 
Low temperature storage and operation – The air bladder cushion functioned after storage test.  
The air bladder cushion malfunctioned during the operation test.  This failure was most likely 
due to the ESD flaw in the cushion.  This test will need to be repeated prior to a full safe-to-fly.  
The air bladder cushion successfully functioned after the operational test when it was returned to 
a normal temperature. 
 
Altitude – the air bladder cushion successfully functioned during the altitude testing.  Post –test, 
the cushion required a reset.  This is most likely due to a now-fixed flaw in the cushion.  This test 
will need to be repeated prior to a full safe-to-fly. 
 
Blowing dust – the air bladder cushion was not operational post-test.  This is most likely due to a 
now-fixed flaw in the prototype cushion.  This test will need to be repeated prior to a full safe-to-
fly. 
 
Salt fog – the air bladder cushion successfully functioned after the testing. 
 
Blowing sand – the air bladder cushion was not operational after testing.  This is most likely due 
to a now-fixed flaw in the prototype cushion.  This test will need to be repeated prior to a full 
safe-to-fly. 
 
Fungus – the Oregon Aero cushion as well as the baseline ACES II cushion had significant 
fungus growth.  The air bladder cushion had a small area with fungal growth. 
 
Explosive Decompression – the air bladder cushion required resetting of the prototype during the 
test.  This is most likely due to a now-fixed flaw in the prototype cushion.  This test will need to 
be repeated prior to a full safe-to-fly. 
 
Toxicity – standard ACES II cushion, the air bladder, and the Oregon Aero cushion all passed 
the toxicity tests. 
 
Smoke generation – the air bladder and Oregon Aero cushion passed the smoke generation test 
while the standard ACES II cushion did not pass. 
 
Flammability – the air bladder cushion, Oregon Aero, and standard ACES II cushion covers were 
tested.  The sheepskin cover used on all the cushions passed, though the Oregon Aero cloth cover 
did not pass.   
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Electromagnetic Interference (EMI) – the air bladder cushion passed the EMI testing.  The 
standard cushion as well as the Oregon Aero cushion were not tested as they do not include any 
electronics within the cushion. 
 
3.7 Vibration 
In general, none of the variables evaluated from the MATB tasks were significantly different 
when compared among the cushion configurations (Smith & Jurcsisn, 2010).  This was expected 
due to the extensive training period undertaken by the military subjects and the relatively short 
exposure times (30 minutes).  For the Local Perceived Discomfort (LPD) portion of the comfort 
survey, responses greater than zero were only provided for the back, buttocks and legs.  It was 
difficult to determine if subjects were providing the zero ratings for the respective body parts, or 
whether it was the default rating.  Due to the limited responses and questionable ratings, 
statistical analysis was not accomplished on the LPD data.  The most notable difference 
occurring in the seat ratings portion of the comfort survey was associated with the Seat Pan 
Firmness.  For two of the three repetitions, the seat pan firmness was rated as being more firm 
with the standard cushion (Cushion A) as compared to the Goodrich air bladder cushion 
(Cushion B).  For one of the three repetitions, the standard cushion (Cushion A) was also rated 
more firm than the Oregon Aero contoured cushion (Cushion E).  These results were significant.  
All cushions tended to be too firm and tended to provide too little buttocks support.  The comfort 
rating for the buttocks was quite variable among the subjects.  Thigh/leg support tended to be 
adequate with less variability among the subjects as compared to buttocks support.  The thigh/leg 
comfort also tended to be rated higher for comfort as compared to buttocks, ranging between 3 
and 5.  The only significant effect among the cushions occurred for thigh/leg comfort.  The 
Oregon Aero contoured cushion (Cushion E) was considered to have greater thigh/leg comfort as 
compared to the standard cushion.   
 
The transmissibility data do strongly suggest differences among the cushions, particularly 
between the two prototypes tested and the standard cushion (Figures 27 and 28).  Both 
prototypes showed a significantly higher transmissibility magnitude between about 4.5 and 5 Hz 
as compared to the standard cushion with means of approximately 1.30 – 1.4 for the air bladder 
cushion (Cushion B), 1.25 – 1.3 for the contoured cushion (Cushion E), and 1.0 for the standard 
cushion (Cushion A).  In contrast, both prototypes showed greater dampening (transmissibility 
magnitude < 1) beyond about 6 Hz as compared to the standard cushion.  The greatest 
dampening was observed with the air bladder cushion (Cushion B).  Both prototypes also 
showed higher phase shifts beyond 6 Hz related to the dampening behavior.  All cushions 
showed mean transmissibility magnitudes below 1 at around 8.5 – 9.0 Hz, where a resonance 
peak was observed in the F-15 acceleration spectra entering the seating system.  This peak was 
associated with structural characteristics of the F-15.  While the vibration at this resonance can  
be substantial in this aircraft during high angle of attach maneuvers, the levels appear to be quite 
low during level flight.  For other jet aircraft, it is assumed that any vibration generated by the 
vehicle occurs primarily in the Z axis at higher frequencies beyond 20 Hz.  The only exception 
may include any substantial air turbulence that could cause low frequency vibration below 10 
Hz.  Otherwise, the two tested prototype cushions present similar or less vertical axis vibration 
entering the occupant as compared to the standard jet aircraft cushion. 
 

Figure 27.  Transmissibility Magnitude 
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Figure 28.  Transmissibility Phase  

 
 
 

3.8 Sled Testing 
The measured resultant lumbar loads are less than the injury criteria for a 95%ile subject (Figure 
29).   
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Figure 29.  Resultant Lumbar Loads During Sled Test 

 
3.9 Flight Testing 
Based on the limited evaluation, the AFFTC concluded the air bladder seat cushion is suitable for 
further in-field evaluation in operational aircraft.   
 

“Overall, the performance of the new AFRL active air bladder ACES II seat cushion in 
the F-16 aircraft was satisfactory.  The AFRL seat cushion was easy to use and operate.  
Aircrew acceptance and comfort suitability were also satisfactory.  Some concerns were 
expressed about the inflating and deflating of the air bladders being distracting during 
critical phases of flight, but the power on/off switch was easily accessed and turned off if 
desired.  However, none of the distractions were significant enough to cause the pilot to 
turn the seat off. 
 
Although this testing effort did not involve the long duration missions for which the 
AFRL active air bladder ACES II seat cushion was designed, the concept was 
demonstrated successfully and gained aircrew acceptance.  Based on this limited 
evaluation, the AFRL active air bladder ACES II seat cushion is suitable for 
conducting further in-field evaluation in operational aircraft.” (Gutierrez & 
Berggren, 2009).  
 

The complete results are documented in the flight test report from the Edwards AFB flight test 
center (Gutierrez & Berggren, 2009).   
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As part of the interim safe to fly, a test hazard analysis was conducted with no outstanding issues 
identified (Appendix H). 
 
4.0 CONCLUSION 
Advanced prototype seat cushions were developed and tested to a draft specification to deliver 
increased comfort and performance to Airmen in confined environments while maintaining 
safety.  Research efforts included multi-hour comfort testing of cushions, environmental, 
anthropometric accommodation, impact testing to ensure safety, ejection sled testing, modeling, 
and developmental flight testing.  The Goodrich AIP air bladder cushion was shown to be 
comfortable for long duration missions and safe in an ejection environment.  Follow-on 
operational testing in aircraft during long duration sorties should be considered.
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ACRONYMS 

DRI  Dynamic Response Index 
VDT  Vertical Deceleration Tower 
AFRL  Air Force Research Laboratory 
AIP  Aircraft Interior Products 
BIA  Bioelectrical Impedance Analysis 
WSU  Wright State University 
MATB  Multi-Attribute Task Battery 
LOIS  Lightest Occupant in Service 
LARD  Large Anthropomorphic Research Device 
DAS  Data Acquisition System 
LPD  Local Perceived Discomfort 
EMI  Electromagnetic Interference 
RM ANOVA Repeated Measures Analysis of Variance 
AFFTC Air Force Flight Test Center 
ACES  Advanced Concept Ejection Seat 
HMTF  Hurricane Mesa Test Facility 
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1.0 INTRODUCTION 
 
1.1   This is the Operations and Maintenance instructions for the ACES II Seat Cushion Enhancement Program.  
The purpose of this is to explain the cushion’s operations and provide maintenance instructions. 
 
2.0  CUSHION DESCRIPTION 
 
2.1   The 8A2106-1 seat pan cushions are fabricated from the standard ACES II seat cushion 
J119126-501E. The J119126-501E seat cushion is then retrofitted with the dynamic pneumatic 
cushions into an 8A2106-1 per the 8A2106-1 Goodrich Drawing. The following components 
were used to make the new dynamic pneumatic cushions: 
 
• ACES II Seat Pan Cushion PN: J119126-501E (make from) 
• Bladder Assembly, PN: 1124-002-0000 
• Accumulator, PN: 1124-006-0000 
• Electronics Module*, PN: 1124-004-0000 
• Pump Unit, PN: 5160-001-0000 
• Power Module*, PN: 1124-005-0000 
• Battery Pack, PN: 1124-007-0000 
• Seat Switch, PN: 5130-001-0000 
• Pressure Switch, PN: 5130-002-0000 
• Modified Seat Cushion, PN: 1114-001-0000 
• Restrictor, PN: 6110-001-0000 
 
* The Electronic and Power Module control diagram is shown below: 
EASE drawing 2142-002-0000 and Goodrich drawing 8A2106-1 define the basic envelope of 
the seat cushion assembly. All detail part drawings of the dynamic pneumatic components are 
proprietary to EASE Seating Systems. In the future, the Air Force may simply place a PO with 
Goodrich for PN: 8A2106-1 Cushion Assembly. 
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3.0  CUSHION OPERATION 

 
3.1   The cushion is designed to be a self powered unit and is completely independent of any other systems in 
the aircraft. The new 8A2106-1 Cushion is one for one interchangeable with the existing J119126-501E Seat 
cushion. The removal and installation of the cushion is identical to the existing ACES II Seat cushion in T.O. 
13A5-68-2. 
 
3.2  To operate the cushion, the following steps are required: 
 

a. Sit in the seat (The system incorporates a series of pressure switches that are activated 
by sitting on the cushion. The cushion will not operate without a pilot in the seat) 

b. Pull tab on the left corner of the clearance cut-out to expose the “On/Off” switch and 
monitor lights 

c. Push the toggle switch forward to the “On” position. There will be a “Green” light 
glowing to the right of the switch.  After approximately 3 seconds the system will begin 
operating. 

d. If upon turning the switch “On” the red and green lights flash alternately, the battery 
pack needs to be replaced 

 
4.0  CUSHION MAINTENANCE 

 
4.1   The only maintenance action is the removal and replacement of the batteries and cleaning and inspection of 
sheepskin cover.  Any other maintenance issue requires replacement of cushion.  
 

WARNING:  
 

REPLACE BATTERY PACK WITH FACTORY SUPPLIED 
BATTERY PACKS. DO NOT SUBSTITUTE ANY OTHER BATTERY. 

 
4.2  Changing the battery pack is accomplished by performing the following tasks: 
 

a. Remove cushion from the seat I.A.W. T.O. 13A5-68-2, paragraph 5-148 
b. Remove outer sheepskin cover to expose the innards of the cushion assembly 
c. Remove inner cloth cover 
d. The battery box cover is on the bottom side of the cushion at the base of the clearance cutout.  
e. Remove the four (4) Phillips screws to open the box and remove the battery. 

 
CAUTION:  

 
When unplugging the battery connector, pull only on the connector, 

NOT the wires. 
 
 

f. Replace the battery with a new pack and dispose of the old battery as a Hazardous   
Waste Product.  
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WARNING:  

 
These batteries are not rechargeable. At the risk of personal injury, 

Do not attempt to recharge! 
 

g. Replace the pack in box and re-install the 4 screws in the assembly 
h. Install inner cloth cover 
i. Install sheepskin cover 
j. Install seat cushion in seat I.A.W. T.O. 13A5-68-2, paragraph 5-152 
    

4.3   Any cleaning and inspection of sheepskin cover will be I.A.W. T.O. 13A5-68-2. 
 

4.4   Total battery life is expected to be approximately 50 hours. This 50 hours is actual running 
time.  Therefore, if a cushion was to run for 1 minute every 5 minutes for an 8-hour duration, 
then the battery life could be expected to have approximately thirty-one 8-hour operating periods. 
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APPENDIX D: VDT TESTING 2009 
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Overview 
 
A number of cushion designs with new materials and configurations have been introduced 
recently for the improvement of comfort. Therefore, when the comfort of a cushion design is 
assessed, its safety performance must also be considered.  Prior to operational use in ejection seat 
aircraft, test data are needed to evaluate the cushions’ safety performance and response to impact 
typical to that of an ejection.  This program is needed to ensure safety is not compromised for 
comfort. Additionally, the findings from this program can be applied to a wider range of 
airframes, and seats. 
 
This experimental effort involved a series of +Z axis impact tests on the Vertical Deceleration 
Tower (VDT) at Wright-Patterson Air Force Base, OH.  Three manikins, a small female (LOIS), 
mid-sized male (50th percentile Hybrid III Aerospace) and a large male (LARD) were used in 
this test program to simulate human response.  Data collection consisted of manikin lumbar and 
cervical spine loads/forces and moments, head, chest and pelvis accelerations, shoulder straps 
and lap belt loads, seat pan and cushion accelerations, seat pan loads, carriage acceleration, 
carriage velocity, and high speed video.  The data collected was used to support an objective 
analysis of the cushions’ responses to impact. 
 
This effort was funded by the Biomechanics Branch of the Air Force Research Laboratory (711 
HPW/RHPA) and funded under Workunit 2830HP01.  This effort is being conducted in support 
of AFRL/RHPA’s Broad Agency Announcement, 07-01-HE, “Seat Interfaces for Aircrew 
Performance and Safety.”  All work was performed by InfoSciTex Corporation and The 711 
HPW/RHAPA at Wright-Patterson AFB, OH. 
 
Objectives 
 
The primary objective of the effort was to evaluate the impact properties of the Phase I 
Production cushions from Goodrich and Oregon Aero to that of the baseline, factory-installed F-
16 ACES II foam cushion (Goodrich). A secondary objective was to test 2 operational B-2 
cushions that had recently been involved in an ejection.1 The cushions tested are as follows: 

• Cushion A: Baseline F-16 ACES II Foam Cushion (Goodrich) 
• Cushion B: ACES II Cushion with EASE Bladders and C47 Foam (Goodrich) 
• Cushion C: EPCT Foam Cushion (Oregon Aero) 
• Cushion D: B-2 Operational Cushion (Oregon Aero) (Pilot) 
• Cushion E: B-2 Operational Cushion (Oregon Aero) (Co-Pilot) 
 

The critical issues addressed by this test program are as follows: 
• Quantify the phase I production seat pan cushions’ and B-2 cushions’ responses to the 

listed acceleration levels.  
• Compare the responses of the production seat pan cushions and B-2 cushions to that of 

the baseline cushion. 
• Report the occupant risk implications associated with the phase I production cushions and 

B-2 cushions.  
 
Background 
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Recent combat missions have reached more than 40 hours in length.  Thus, it has become 
increasingly important that seat interfaces for aircrew be improved. Seat interface improvements 
are critical to enhance physical endurance and combat effectiveness of aircrew.  Long-term 
sitting comfort may be enhanced by a new or improved seat cushion. However, some seat 
cushions have been shown to amplify the acceleration transmitted to the torso of the aircrew 
member if they have not been designed properly.2 Any item introduced to an ejection seat and 
located between the seat pan and the gluteal region of the pilot must not compromise the existing 
risk of spinal injury which is limited by the human tolerance to the fracture of the lumbar 
vertebra.  As more resources are applied to improving seat cushion comfort, the performance of a 
cushion for the prevention and reduction of spinal injuries (the safety performance) should not be 
compromised.  The safety performance of a cushion can be measured by certain spinal injury 
criteria, such as Dynamic Response Index (DRI), or directly by certain occupant response 
characteristics, such as the peak lumbar load and the peak chest acceleration.3,4  The evaluation 
of the safety performance of ejection seat cushions is conventionally performed using impact 
tests. A number of vertical deceleration tower (VDT) test studies have been performed at the Air 
Force Research Laboratory (AFRL) over decades to evaluate several types of ejection seat 
cushions, including certain designs with comfort improvement.2,5-10   
 
Methods 
 
InfoSciTex Corporation and The 711 HPW/RHAPA conducted the series of +Gz impact tests 
using the 711 HPW/RHPA Vertical Deceleration Tower (VDT) located in Building 824, Area B, 
at Wright-Patterson AFB, OH.   

The VDT facility consists of a 60-foot vertical steel tower with a dual guide rail system, an impact 
carriage and attached plunger, a hydraulic deceleration device, and a test control and safety system 
(Figure 1).  The plunger used for all tests on the VDT was plunger #102.  To conduct a test, the 
carriage was allowed to enter a free-fall state (guided by the rails) from a pre-determined drop 
height.  The plunger mounted on the rear of the carriage is guided into the hydraulic deceleration 
device (cylinder filled with water located at the base of the tower between the vertical rails).  The 
displacement of water in the cylinder by the plunger produced an impact deceleration pulse.  The 
pulse shape is controlled by varying the drop height, which determines the peak G level, and by 
varying the shape of the plunger, which determines the rise time of the pulse.  A carriage-
mounted seat is used to restrain the test manikin in an upright, seated position.  The carriage, 
impact seat, and test manikin are instrumented with load cells or accelerometers to collect 
dynamic response data during the impact. 
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A modified ACES II F-16 ejection seat was used for all tests.  The seat back was cut away from 
the seat and mounted to the VDT carriage so that the seat back tangent plane is vertical and in-
line with the VDT rails.  The seat pan was mounted to the horizontal surface of the VDT carriage 
so that the seat pan is perpendicular to the seat back tangent plane (Figure 2).  
 
The manikins used in this study included a LOIS manikin (weighed 114 lb. as tested in flight 
suit, HGU-55/P medium helmet, MBU-20/P mask, and PCU-16/P harness), a Hybrid III 50th 
percentile aerospace (ballasted to weigh 180 lb. as tested in flight suit, HGU-55/P large helmet, 
MBU-20/P mask, and PCU-15/P harness), and a LARD manikin (weighed 247 lb. as tested in 
flight suit, HGU-55/P large helmet, MBU-20/P mask, and PCU-15/P harness).  The 50th 
percentile manikin required approximately 10 lbs. of ballast to get to the target weight of 180  

lbs., so a 10 lb. lead-pellet bag was placed within the floor of the pelvis. 
The manikins wore a HGU-55/P helmet (medium or large), MBU-20/P mask with 3 in. hose, 
flight suit, and harness.  The manikins were seated in an up-right position on the VDT seat and 
test cushion.  A standard Oregon Aero ACES II seat back cushion was used for all tests.  The 
manikins were centered in the seat and restrained using an ACES II lap belt.  Parachute risers 

Figure 2.  Seat Set-up 

Figure 1.  Vertical Deceleration Tower (VDT) 
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were secured to the manikins’ torso harness via Koch fittings.  The parachute straps were routed 
over each shoulder and secured directly behind each shoulder at separate force load cells 
mounted to the carriage just behind the ACES II seat.  This strapping method has been found to 
be much more effective in keeping VDT occupants in place during testing.  The pre-tension 
levels of the lap belts and shoulder strap restraints were 20 ± 5 lbs.  Velcro restraints were used 
to restrain the manikins’ arms (wrists) and legs (ankles).  See Figure 3. 

 
Figure 3.   LOIS, 50th percentile Aerospace Hybrid III, and LARD Manikins Secured in Seat 

Thirty-two tests were conducted according to the test matrix (Table 1).  Nine of these tests were 
done with the baseline factory installed ACES II F-16 cushion, four of these were done with the 
B-2 operational cushions, and the other 21 with Goodrich and Oregon Aero supplied phase I 
production cushions.   
 

Table 1. Test Matrix 
Cell Cushion Manikin Level (G) Cushion Type Bladder Pressure Test # 
A A LARD 12 Goodrich F-16 ACES II Foam    5757 

A A LARD 12 Goodrich F-16 ACES II Foam    5758 
A A LARD 12 Goodrich F-16 ACES II Foam    5761 

B B LARD 12 Goodrich C47 Air Bladder Normal Operation 5762 
B B LARD 12 Goodrich C47 Air Bladder Normal Operation 5763 

B B LARD 12 Goodrich C47 Air Bladder Normal Operation 5764 
B B LARD 12 Goodrich C47 Air Bladder Normal Operation 5765 
B B LARD 12 Goodrich C47 Air Bladder Normal Operation 5766 

C C LARD 12 Oregon Aero EPCT Foam   5759 
C C LARD 12 Oregon Aero EPCT Foam   5760 

E A 50th HB3 Mod 12 Goodrich F-16 ACES II Foam    5756 
E A 50th HB3 Mod 12 Goodrich F-16 ACES II Foam    5767 
E A 50th HB3 Mod 12 Goodrich F-16 ACES II Foam    5768 

E A 50th HB3 Mod 12 Goodrich F-16 ACES II Foam    5769 
F B 50th HB3 Mod 12 Goodrich C47 Air Bladder Normal Operation 5774 

F B 50th HB3 Mod 12 Goodrich C47 Air Bladder Normal Operation 5775 
F B 50th HB3 Mod 12 Goodrich C47 Air Bladder Normal Operation 5776 
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* The cushion was turned-on and the VDT carriage was dropped 6.5 minutes later. 
** The cushion was turned-on and the VDT carriage was dropped 3.5 minutes later. 
 

• Cushion A: Baseline F-16 ACES II Foam Cushion (Goodrich) 
• Cushion B: ACES II Cushion with EASE Bladders and C47 Foam (Goodrich) 
• Cushion C: EPCT Foam Cushion (Oregon Aero) 
• Cushion D: B-2 Operational Cushion (Oregon Aero) (Pilot) 
• Cushion E: B-2 Operational Cushion (Oregon Aero) (Co-Pilot) 

 
Instrumentation 
 
Accelerometers and load transducers were chosen to provide the optimum resolution over the 
expected test load range.  Full-scale data ranges were chosen to provide the expected full-scale 
range plus 50% to assure the capture of peak signals.  All transducer bridges were balanced for 
optimum output prior to the start of the program.  The accelerometers were adjusted in software 
for the effect of gravity by adding the component of a 1 G vector in line with the force of gravity 
that lies along the accelerometer axis. 
 
The accelerometer and load transducer coordinate systems for the VDT carriage are shown on 
the sketch in Figure 4.  The coordinate system is right-handed with the z-axis parallel to the 
vertical plane of the carriage and positive upward.  The x-axis is perpendicular to the z-axis and 
positive eyes-forward from the manikin.  The y-axis is perpendicular to the x- and z-axes 
according to the right-hand rule. 

F B 50th HB3 Mod 12 Goodrich C47 Air Bladder Normal Operation 5777 
G C 50th HB3 Mod 12 Oregon Aero EPCT Foam   5778 
G C 50th HB3 Mod 12 Oregon Aero EPCT Foam   5779 

H D 50th HB3 Mod 12 B-2 Operational Cushion (Pilot)  5770 
H D 50th HB3 Mod 12 B-2 Operational Cushion (Pilot)  5771 

H E 50th HB3 Mod 12 B-2 Operational Cushion (Co-Pilot)  5772 
H E 50th HB3 Mod 12 B-2 Operational Cushion (Co-Pilot  5773 

I A Lois 12 Goodrich F-16 ACES II Foam    5748 
I A Lois 12 Goodrich F-16 ACES II Foam    5749 
J B Lois 12 Goodrich C47 Air Bladder Normal Operation 5752* 

J B Lois 12 Goodrich C47 Air Bladder Normal Operation 5753* 
J B Lois 12 Goodrich C47 Air Bladder Normal Operation 5754** 

J B Lois 12 Goodrich C47 Air Bladder Normal Operation 5755** 
K C Lois 12 Oregon Aero EPCT Foam  5750 
K C Lois 12 Oregon Aero EPCT Foam  5751 
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Figure 4.   VDT Sensor Coordinate System 

The accelerometer and load transducer coordinate systems for the manikin are shown in Figure 
5.  The manikin coordinate system used was an inverted SAE J211 system.  The torques were 
reversed from SAE J211.  Flexion was measured as positive, extension negative.  Compression 
on the neck load cell was positive, tension was negative.  Shear forces in the eyes-out direction 
were negative. 
 

 
Figure 5.  Manikin Coordinate System 

 
The linear accelerometers were wired to provide a positive output voltage when the acceleration 
experienced by the accelerometer was applied in the +x, +y and +z directions.  The load cells 
were wired to provide a positive output voltage when the force exerted by the load cell on the 
manikin was applied in the +x, +y or +z direction.  The angular accelerometers were wired to 
provide a positive output voltage when the angular acceleration experienced by the sensor was 
applied in the +y direction according to the right-hand rule.  The manikin load cells were wired 
to provide a positive output voltage when the force exerted by the load cell on the body segment 
was applied in the +x, +y or +z direction.  The manikin torque transducers were wired to provide 
a positive output voltage when the torque experienced by the transducer was applied in the +x, 
+y or +z direction.   
 
Instrumentation Description 
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Instrumentation consisted of: 
• carriage acceleration  (x, y, and z) 
• carriage velocity (computed) 
• head acceleration (x, y, and z)  
• head angular acceleration (Ry) 
• chest acceleration (x, y, and z) 
• chest angular acceleration (Ry) 
• neck loads (x, y, and z) 
• neck moments (x, y, and z) 
• lumbar spine loads (x, y, and z) 
• lumbar spine moments (x, y, and z) 
• lumbar acceleration (x, y, and z) 
• lap and shoulder belt forces  (x, y, and z) 
• seat pan loads  (x, y, and z) 
• seat pan acceleration  (x, y, and z) 
• neck injury criteria (Nij 

 
Transducer Calibration: 
 
InfoSciTex coordinated all pre- and post- test calibrations on all sensors. Calibration records of 
individual transducers as well as the Standard Practice Instructions are maintained in the Impact 
Information Center.  For this test program, a record was made identifying the data channel, 
transducer manufacturer, model number, serial number, date and sensitivity of pre-calibration, 
date and sensitivity of post-calibration, and percentage change.  Pre and post-calibration 
information is maintained with the program data.  The instrumentation used in this study is listed 
in the Program Setup and Calibration Log (Table 2). 
 

Table 2. Program Setup and Calibration Log 
DATA POINT TRANSDUCER & 

MODEL 
SERIAL 

NUMBER 
PRE-CAL DAS 

SENSITIVITY 
 

BRIDGE 
FULL 

SCALE  DATE  SENS 

CARRIAGE X 
ACCEL (G) 

ENDEVCO               
7264-200 CC99H 12-Jul-

07 
3.0274 mv/g   at 

10V exc .30274 mv/v/g 1/2 15 G 

CARRIAGE Y 
ACCEL (G) 

ENDEVCO               
7264-200 CC86H 12-Jul-

07 
2.8421 mv/g       
at 10V exc .28421 mv/v/g 1/2 15 G 

CARRIAGE Z 
ACCEL (G) 

ENDEVCO               
2262A-200 MH82 12-Jul-

07 
2.0814 mv/g   at 

10V exc .20814 mv/v/g FULL 25 G 

SEAT PAN X             
ACCEL (G) 

 ENTRAN                   
EGV3-F-250 

97J97J21 
TP01 (X) 

6-Jul-
07 

-1.0775 mv/g         
at 10V exc -.10775 mv/v/g FULL 15 G 

SEAT PAN Y           
ACCEL (G) 

 ENTRAN                   
EGV3-F-250 

97J97J21 
TP01 (Z) 

6-Jul-
07 

-1.0478 mv/g         
at 10V exc -.10478 mv/v/g FULL 15 G 

SEAT PAN Z            
ACCEL (G) 

 ENTRAN                   
EGV3-F-250 

97J97J21 
TP01 (Y) 

6-Jul-
07 

1.0407 mv/g         
at 10V exc .10407 mv/v/g FULL 25 G 

LEFT LAP  X              
FORCE  (LB) MICH-SCI 4000 2 (X) 15-

Nov-06 
-14.27 uv/lb     
at 10V exc 

-.001427 
mv/v/lb FULL 1000 LB 

LEFT LAP  Y              
FORCE  (LB) MICH-SCI 4000 2 (Y) 15-

Nov-06 
-13.53 uv/lb            
at 10V exc. 

-.001353 
mv/v/lb FULL 1000 LB 

LEFT LAP  Z              
FORCE  (LB) MICH-SCI 4000 2 (Z) 15-

Nov-06 
13.44 uv/lb      
at 10V exc .001344 mv/v/lb FULL 1000 LB 
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RIGHT LAP X                 
FORCE (LB) MICH-SCI 4000 1 (X) 15-

Nov-06 
-13.82 uv/lb       
at 10V exc 

-.001382 
mv/v/lb FULL 1000 LB 

RIGHT LAP Y               
FORCE (LB) MICH-SCI 4000 1 (Y) 15-

Nov-06 
-13.69 uv/lb       
at 10V exc 

-.001369 
mv/v/lb FULL 1000 LB 

RIGHT LAP Z                     
FORCE (LB) MICH-SCI 4000 1 (Z) 15-

Nov-06 
12.99 uv/lb       
at 10V exc 

.001299           
mv/v/lb FULL 1000 LB 

LEFT SHOULDER 
X FORCE  (LB) MICH-SCI 4000 3 (Z) 15-

Nov-06 
13.35 uv/lb         
at 10V exc .001335 mv/v/lb FULL 1000 LB 

LEFT SHOULDER 
Y FORCE  (LB) MICH-SCI 4000 3 (Y) 15-

Nov-06 
13.44 uv/lb      
at 10V exc .001344 mv/v/lb FULL 1000 LB 

LEFT SHOULDER 
Z FORCE  (LB) MICH-SCI 4000 3 (X) 15-

Nov-06 
-14.15 uv/lb             
at 10V exc. 

-.001415 
mv/v/lb  FULL 1000 LB 

RIGHT 
SHOULDER X 
FORCE (LB) 

MICH-SCI 4000 4 (Z) 15-
Nov-06 

13.27 uv/lb      
at 10V exc .001327 uv/v/lb FULL 1000 LB 

RIGHT 
SHOULDER Y 
FORCE (LB) 

MICH-SCI 4000 4 (Y) 15-
Nov-06 

-13.82 uv/lb       
at 10V exc -.001382 uv/v/lb FULL 1000 LB 

RIGHT 
SHOULDER Z 
FORCE (LB) 

MICH-SCI 4000 4 (X) 15-
Nov-06 

-13.24 uv/lb       
at 10V exc -.001324 uv/v/lb FULL 1000 LB 

LEFT SEAT PAN X       
FORCE (LB) 

AAMRL / DYN 
LOADLINK 1 14-

Nov-06 
10.96 uv/lb         
at 10V exc .001096 mv/v/lb FULL 500 LB 

RIGHT SEAT PAN 
X FORCE (LB) 

AAMRL / DYN 
LOADLINK 8 14-

Nov-06 
-10.76 uv/lb     
at 10V exc 

-.001076 
mv/v/lb FULL 500 LB 

 SEAT PAN Y           
FORCE (LB) 

AAMRL / DYN 
LOADLINK 10 14-

Nov-06 
10.10 uv/lb        
at 10V exc .001010 mv/v/lb FULL 500 LB 

LEFT SEAT PAN  
Z         FORCE (LB) 

STRANSERT  
FLU2.5-2SPKT Q-3294-5 16-

Nov-06 
-8.05 uv/lb         
at 10V exc 

-.000805 
mv/v/lb FULL 1500 LB 

RIGHT SEAT PAN 
Z            FORCE 

(LB) 

STRANSERT  
FLU2.5-2SPKT Q-3294-4 16-

Nov-06 
-8.17 uv/lb           
at 10V exc 

-.000817 
mv/v/lb FULL 1500 LB 

CENTER SEAT 
PAN Z        FORCE 

(LB) 

STRANSERT  
FLU2.5-2SPKT Q-3294-6 16-

Nov-06 
-8.19 uv/lb          
at 10V exc 

-.000819 
mv/v/lb FULL 1500 LB 

INT HEAD X 
ACCEL (G) 

ENTRAN          
EGV3-F-250 8XTB02 (X) 17-Jul-

07 
.7254 mv/g         
at 10V exc .07254 mv/v/g FULL 15 G 

INT HEAD X 
ACCEL (G) 

ENTRAN          
EGV3-F-250 

93D93D 
26TM04 (X) 

6-Jun-
07 

1.0591 mv/g      
at 10V exc .10591 mv/v/g FULL 15 G 

INT HEAD Y 
ACCEL (G) 

ENTRAN          
EGV3-F-250 8XTB02 (Y) 17-Jul-

07 
.7395 mv/g       
at 10V exc .07395  mv/v/g FULL 15 G 

INT HEAD Y 
ACCEL (G) 

ENTRAN          
EGV3-F-250 

93D93D 
26TM04 (Y) 

6-Jun-
07 

-1.0138 mv/g          
at 10V exc -.10138 mv/v/g FULL 15 G 

INT HEAD Z 
ACCEL (G) 

ENTRAN          
EGV3-F-250 8XTB02 (Z) 17-Jul-

07 
.7565 mv/g       
at 10V exc 

.07565              
mv/v/g FULL 25 G 

INT HEAD Z 
ACCEL (G) 

ENTRAN          
EGV3-F-250 

93D93D 
26TM04 (Z) 

6-Jun-
07 

1.0054 mv/g        
at 10V exc .100054 mv/v/g FULL 25 G 

INT HEAD Ry 
ANG ACCEL 
(RAD/SEC2) 

ENDEVCO 7303B 10229 9-Jul-
07 

3.52 uv/rad/sec2 
at 10V exc 

.000352 
v/v/rad/sec2 FULL 5000 

RAD/SEC2 
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INT HEAD Ry 
ANG ACCEL 
(RAD/SEC2) 

ENDEVCO 7303B 10175 13-
Mar-07 

3.57 uv/rad/sec2   
at 10V exc 

.000357 
mv/v/rad/sec2 FULL 5000 

RAD/SEC2 

INT NECK X 
FORCE (LB) DENTON 1716A 473 18-Jun-

07 
-8.17 uv/lb          
at 10V exc 

-.000817 
mv/v/lb FULL 2000 LB 

INT NECK X 
FORCE (LB) DENTON 1716A 625 8-Jun-

07 
-8.12 uv/lb          
at 10V exc 

-.000812 
mv/v/lb FULL 2000 LB 

INT NECK Y 
FORCE (LB) DENTON 1716A 473 18-Jun-

07 
-8.12 uv/lb          
at 10V exc -.000812 uv/v/lb FULL 2000 LB 

INT NECK Y 
FORCE (LB) DENTON 1716A 625 8-Jun-

07 
-8.32 uv/lb          
at 10V exc 

-.000832 
mv/v/lb FULL 2000 LB 

INT NECK Z 
FORCE (LB) DENTON 1716A 473 18-Jun-

07 
-4.40 uv/lb        
at 10V exc -.00044  uv/v/lb FULL 3000 LB 

INT NECK Z 
FORCE (LB) DENTON 1716A 625 8-Jun-

07 
-3.95 uv/lb          
at 10V exc 

-.000395 
mv/v/lb FULL 3000 LB 

INT NECK          
Mx TORQUE       

(IN-LB) 
DENTON 1716A 473 18-Jun-

07 
6.67 uv/in-lb      
at 10V exc 

.000667 
mv/v/in-lb FULL 2500 IN-LB 

INT NECK          
Mx TORQUE       

(IN-LB) 
DENTON 1716A 625 8-Jun-

07 
6.70 uv/in-lb        
at 10V exc 

.000670  
mv/v/in-lb FULL 2500 IN-LB 

INT NECK        My 
TORQUE       (IN-

LB) 
DENTON 1716A 473 18-Jun-

07 
6.63 uv/in-lb        
at 10V exc 

.000663 
mv/v/in-lb FULL 2500 IN-LB 

INT NECK        My 
TORQUE       (IN-

LB) 
DENTON 1716A 625 8-Jun-

07 
 6.72 uv/in-lb at 

10V exc 
.000672 

mv/v/in-lb FULL 2500 IN-LB 

INT NECK         Mz 
TORQUE       (IN-

LB) 
DENTON 1716A 473 18-Jun-

07 
9.07 uv/in-lb       
at 10V exc 

.000907 
mv/v/in-lb FULL 2500 IN-LB 

INT NECK         Mz 
TORQUE       (IN-

LB) 
DENTON 1716A 625 8-Jun-

07 
9.11 uv/in-lb          
at 10V exc 

.000911 
mv/v/in-lb FULL 2500 IN-LB 

INT CHEST X 
ACCEL (G) 

ENTRAN               
EGV3-F-250 

97C97C28        
TB05 (X) 

17-
Mar-07 

1.0011 mv/g       
at 10V exc .10011 mv/v/g FULL 15 G 

INT CHEST X 
ACCEL (G) 

ENTRAN               
EGV3-F-250 

93D93D30       
TM06 (X) 

17-Jul-
07 

1.1057 mv/g       
at 10V exc .11057 mv/v/g FULL 15 G 

INT CHEST Y 
ACCEL (G) 

ENTRAN               
EGV3-F-250 

97C97C28        
TB05 (Y) 

17-
Mar-07 

-.9686 mv/g         
at 10V exc -.09686 mv/v/g FULL 15 G 

INT CHEST Y 
ACCEL (G) 

ENTRAN               
EGV3-F-250 

93D93D30       
TM06 (Y) 

17-Jul-
07 

1.1581 mv/g          
at 10V exc .11581 mv/v/g FULL 15 G 

INT CHEST Z 
ACCEL (G) 

ENTRAN               
EGV3-F-250 

97C97C28        
TB05 (Z) 

17-
Mar-07 

.9446 mv/g        
at 10V exc .09446 mv/v/g FULL 15 G 

INT CHEST Z 
ACCEL (G) 

ENTRAN               
EGV3-F-250 

93D93D30       
TM06 (Z) 

17-Jul-
07 

1.2019 mv/g       
at 10V exc .12019 mv/v/g FULL 25 G 

INT CHEST Ry 
ANG ACCEL 
(RAD/SEC2) 

ENDEVCO 7303B 10173 9-Jul-
07 

3.34 
mv/rad/sec2 at 

10V exc 

.000334 
mv/v/rad/sec2 FULL 5000 

RAD/SEC2 

INT CHEST Ry 
ANG ACCEL 
(RAD/SEC2) 

ENDEVCO 7303B 10206 18-Jun-
07 

4.55 uv/rad/sec2       
at 10V exc 

.000455 
mv/v/rad/sec2 FULL 5000 

RAD/SEC2 

INT LUMBAR X 
ACCEL (G) 

ENTRAN                   
EGV3-F-250 

97C97C28      
TB03 (X) 

13-
Mar-07 

.8837 mv/g      
at 10V exc .08837 mv/v/g FULL 15 G 

INT LUMBAR X 
ACCEL (G) 

ENTRAN                   
EGV3-F-250 

97C97C28  
TB02 (X) 

13-
Mar-07 

.9856 mv/g           
at 10V exc .09856 mv/v/g FULL 15 G 
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INT LUMBAR Y 
ACCEL (G) 

ENTRAN                   
EGV3-F-250 

97C97C28      
TB03 (Y) 

13-
Mar-07 

-.8456 mv/g        
at 10V exc -.08456 mv/v/g FULL 15 G 

INT LUMBAR Y 
ACCEL (G) 

ENTRAN                   
EGV3-F-250 

97C97C28  
TB02 (Y) 

13-
Mar-07 

  .9672 mv/g          
at 10V exc .09672 mv/v/g FULL 15 G 

INT LUMBAR Z 
ACCEL (G) 

ENTRAN                   
EGV3-F-250 

97C97C28      
TB03 (Z) 

13-
Mar-07 

.8654 mv/g       
at 10V exc .08654  mv/v/g FULL 25 G 

INT LUMBAR Z 
ACCEL (G) 

ENTRAN                   
EGV3-F-250 

97C97C28  
TB02 (Z) 

13-
Mar-07 

 .9530 mv/g             
at 10V exc .09530 mv/v/g FULL 25 G 

INT LUMBAR X 
FORCE (LB) DENTON 1914A 310 13-Jun-

07 
-6.66 uv/lb        
at 10V exc 

-.000666 
mv/v/lb  FULL 3000 LB 

INT LUMBAR X 
FORCE (LB) DENTON 1914A 438 8-Mar-

07 
6.64 uv/lb         
at 10V exc .000664 mv/v/lb FULL 3000 LB 

INT LUMBAR Y 
FORCE (LB) DENTON 1914A 310 13-Jun-

07 
-6.67 uv/lb        
at 10V exc 

-.000667  
mv/v/lb FULL 3000 LB 

INT LUMBAR Y 
FORCE (LB) DENTON 1914A 438 8-Mar-

07 
6.67 uv/lb         
at 10v exc .000667 mv/v/lb FULL 3000 LB 

INT LUMBAR Z 
FORCE (LB) DENTON 1914A 310 13-Jun-

07 
-2.41 uv/lb        
at 10V exc 

-.000241 
mv/v/lb FULL 5000 LB 

INT LUMBAR Z 
FORCE (LB) DENTON 1914A 438 8-Mar-

07 
2.80 uv/lb        
at 10V exc .000280 mv/v/lb FULL 5000 LB 

INT LUMBAR Mx 
TORQUE (IN-LB) DENTON 1914A 310 13-Jun-

07 
5.12 uv/in-lb         
at 10V exc 

.000512 
mv/v/in-lb FULL 3000 IN-LB 

INT LUMBAR Mx 
TORQUE (IN-LB) DENTON 1914A 438 8-Mar-

07 
5.24 uv/in-lb     
at 10V exc 

.000524 
mv/v/in-lb FULL 3000 IN-LB 

INT LUMBAR My 
TORQUE (IN-LB) DENTON 1914A 310 13-Jun-

07 
5.13 uv/in-lb       
at 10V exc 

.000513 
mv/v/in-lb FULL 3000 IN-LB 

INT LUMBAR My 
TORQUE (IN-LB) DENTON 1914A 438 8-Mar-

07 
5.15 uvin-lb         
at 10V exc 

.000515 
mv/v/in-lb FULL 3000 IN-LB 

INT LUMBAR Mz 
TORQUE (IN-LB) DENTON 1914A 310 13-Jun-

07 
8.75 uv/in-lb        
at 10V exc 

.000875 
mv/v/in-lb FULL 3000 IN-LB 

INT LUMBAR Mz 
TORQUE (IN-LB) DENTON 1914A 438 8-Mar-

07 
8.79 uv/in-lb        
at 10V exc 

.000879  
mv/v/in-lb FULL 3000 IN-LB 

 
Data Acquisition 
 
The Master Instrumentation Control Unit in the Instrumentation Station controlled data acquisition.  
Using a comparator, a test was initiated when the countdown clock reached zero.  The comparator 
was set to start data collection at a pre-selected time.  All data were collected at 1,000 samples per 
second and filtered at a 120 Hz cutoff frequency using an 8-pole Butterworth filter. 
 
Data were recorded to establish a zero reference for all transducers following the attachment of the 
manikin and riser straps to the VDT test fixture.  The manikin was lifted up by the harness using a 
hoist to remove the load from the riser load cells, prior to collecting the zero reference data.  The 
reference data were stored separately from the test data and were used in the processing of the test 
data.  A reference mark pulse was generated to mark the electronic data at a pre-selected time after 
test initiation to place the reference mark close to the impact point.  The reference mark time was 
used as the start time for data processing of the electronic data. 
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TDAS PRO Data Acquisition System: 
 
The TDAS PRO Data Acquisition System (DAS), manufactured by Diversified Technical 
Systems (DTS), Inc., was used for this test program.  The TDAS PRO is a ruggedized, DC 
powered, fully programmable signal conditioning and recording system for transducers and 
events.  The TDAS PRO was designed to withstand a 100 G shock.  The main unit was installed 
at the top of the VDT carriage as shown in Figure 6. 
 

                         
Figure 6.  TDAS PRO 

 
The TDAS PRO can accommodate up to 64 channels.  The signal conditioning accepts a variety of 
transducers including full and partial bridges, voltage, and piezoresistive.  Transducer signals are 
amplified, filtered, digitized and recorded in onboard solid-state memory.  The data acquisition 
system is controlled through an Ethernet interface using the Ethernet instruction language. A 
desktop PC with an Ethernet board configures the TDAS PRO before testing and retrieves the 
data after each test.   
 
Video:   
 
Two carriage-mounted Weinberger SpeedCam Visario cameras (Figure 7) were used to collect 
video and target motion data.  One camera was mounted directly to the side of the carriage, while 
the other was mounted at an oblique angle to the carriage.  The SpeedCam system is capable of 
data acquisition at up to 10,000 frames per second (fps).    The Control Unit allows for 
simultaneous operation of multiple cameras and controls the entire data management from 
system control, post-processing and visualization to archiving of the completed image sequences.  
 
The interface between cameras and the Control Unit occurs via LocalLinks.  LocalLinks are 
system-specific cables, 5 and 15 meters in length, which carry all video and control data as well 
as the power for the connected camera heads.   
 
The images for this study were collected at 500 fps.  The video files were downloaded and 
converted to AVI format and stored in the RHPA Biodynamic Data Bank. 
 
The interface between cameras and the Control Unit occurs via LocalLinks.  LocalLinks are 
system-specific cables, 5 and 15 meters in length, which carry all video and control data as well 
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as the power for the connected camera heads.  The images for this study were collected at 500 
fps.  The video files were downloaded and converted to AVI format (Appendix A). 

                               
Figure 7.  Weinberger SpeedCam Visario camera 

 
Evaluation Criteria 
 
Analysis of head, chest, and lumbar accelerations, neck and lumbar loads, and injury risk 
assessment were conducted at the conclusion of the test program.  The dynamic response index 
(DRI) was calculated for the seat pan accelerations only.  The DRI for the seat pan acceleration 
estimates what the dynamic response would have been if the seat cushion had not been present.   
 
The Dynamic Response Index (DRI) model was developed to estimate the probability of 
compression-type fractures in the lower spine due to the acceleration along the longitudinal axis 
of the spine.  The model was verified using operational injury rates from escape systems.  The 
DRI model was incorporated into the United States Air Force and multinational specifications 
for ejection seats and escape capsules.  The DRI is a single-degree-of-freedom lumped parameter 
model.  The DRI corresponds to the DRZ component of the MDRC multi-axis model.  The DRI 
limit for a 5% risk of major injury is 18. 
 
The DRI is computed using the following equations: 

a2 2
nn =δω+δζω+δ            g

DRI
2
nδω

=  

Where: 
δ is the relative acceleration between the seat and the dynamic response model mass. 
δ is the relative velocity between the seat and the model mass. 
δ is the compression/tension of the model spring.  A positive value represents compression. 
ζ is the damping coefficient ratio (0.224). 

nω is the natural frequency of the model (52.9 rad/sec). 
a is the acceleration component that lies along the longitudinal axis of the spine as measured by 
the seat pan accelerometer.   
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g is the acceleration of gravity. 
 
The resultant lumbar load limits are as follows: 
5th Percentile (LOIS):  Less than 1,000 pounds transferred to the lumbar area when exposed to 
vertical impact tests of 12 nominal Gz at 28-31 Feet per Second maximum velocity, Pulse 
Duration 140-150 Milliseconds and Rise Time between 65-70 Milliseconds. 
 
50th Percentile:  Less than 1,500 pounds transferred to the lumbar area when exposed to vertical 
impact tests of 12 nominal Gz at 28-31 Feet per Second maximum velocity, Pulse Duration 140-
150 Milliseconds and Rise Time between 65-70 Milliseconds. 
 
95th Percentile:  Less than 2,200 pounds transferred to the lumbar area when exposed to vertical 
impact tests of 12 nominal Gz at 28-31 Feet per Second maximum velocity, Pulse Duration 140-
150 Milliseconds and Rise Time between 65-70 Milliseconds. 
 
Rationale for the maximum lumbar load limits 
The dynamic test lumbar spinal load of 2206 pounds for the large manikin was calculated based 
on the Federal Aviation Administration’s maximum load of 1500 pounds for a 170 pound 
occupant.  The number was scaled up to be commensurate with the seat cushion assembly 
specification requirement for a 250 pound occupant using the following formula: 
 
1500 lb X 250 lb   = 2206 lb 
 170 lb            
 
Likewise, the number was scaled down to be commensurate with the seat cushion assembly 
specification requirement for the small occupant. 
 
Neck Injury Criteria (Nij) 
The combined-cervical-force-and-moment limit, expressed as Neck Injury Criteria (Nij), was 
calculated for this program even though nothing was added to the standard HGU-55/P helmet 
(NO NVGs, nor HMDs).  The peak Nij aerospace specified limit of 0.5 was used for all tests.  
The Nij value can be calculated throughout the time history of the impact test according to the 
following formula: 
 
     Nij = F/Fint + M/Mint       
where: 
F is the measured axial neck tension/compression or shear in pounds 
Fint is the critical intercept load  
M is the measured flexion/extension bending moment in in-lbs 
Mint is the critical intercept moment 
 
The Nij criteria do not apply to loading in pure tension or compression.  Nij values are computed 
for each of the following combined loading cases: 
 
Nte = Tension - Extension 
Ntf = Tension - Flexion 
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Nce = Compression - Extension 
Ncf = Compression - Flexion 
 
The critical intercept values for Nij calculation at C0-C1 for this program would be based on the 
three sized Hybrid III manikins used in this study (Table 3). 
 

Table 3. Critical Intercept Values for Nij Calculation at C0-C1 for a Given Occupant Size 

 Small Female Hybrid III 
Type Manikin 

Mid-Sized Male 
Hybrid III Type Manikin 

Large Male 
Hybrid III Type Manikin 

Tension (lbs) (+Fz) 964 1530 1847 
Compression (lbs) (-Fz) 872 1385 1673 
Flexion (in-lbs)  (+My) 1372 2744 3673 

Extension (in-lbs) (-My) 593 1195 1584 
 
Photographic Data 
 
Digital still photos were taken prior to each test (Appendix B).   
 
Results 
 
VDT tests:  Selected results of the VDT tests are shown in Table 4.  Data plots and summary 
sheets for each channel of collected data are found in Appendix C. 
 

Table 4. Vertical Impact Test Data 

Test Manikin Cell Cushion 
Carriage 

Z (g) 
Pan 
DRI 

Pan  
Resultant 

Minus 
Tare (lb.) 

Lumbar 
Resultant 

(g) 

Lumbar 
Resultant 

(lb.) 

Peak 
Nce 

Level 

Peak  
Ncf 

Level 

Prob. Of 
AIS ≥ 3 

Nce 
Injury 

Prob. Of 
AIS ≥ 3 

Ncf 
Injury 

5748 LOIS I A 11.95 15.75 1982.16 16.48 803.11 0.06 0.22 0.04 0.06 
5749 LOIS I A 12.08 15.81 1999.91 16.01 838.91 0.06 0.21 0.04 0.06 
5750 LOIS K C 11.86 15.80 2109.01 16.84 896.86 0.06 0.25 0.04 0.06 
5751 LOIS K C 11.98 15.89 2104.43 17.35 878.66 0.05 0.24 0.04 0.06 
5752 LOIS J B 12.00 15.78 2298.62 18.64 993.00 0.06 0.27 0.04 0.06 
5753 LOIS J B 12.12 15.69 2122.64 17.07 884.93 0.06 0.24 0.04 0.06 
5754 LOIS J B 11.89 15.62 2138.38 17.47 958.27 0.05 0.25 0.04 0.06 
5755 LOIS J B 11.94 15.63 2195.19 17.21 947.44 0.05 0.25 0.04 0.06 
5756 HB3-50 E A 11.99 16.09 3069.04 16.41 N/A 0.05 0.14 0.04 0.05 
5757 LARD A A 11.94 15.93 4640.85 16.26 1488.07 0.22 0.13 0.06 0.05 
5758 LARD A A 11.94 15.82 4617.05 16.36 1418.41 0.20 0.14 0.06 0.05 
5759 LARD C C 11.78 15.81 4614.44 15.93 1430.99 0.19 0.14 0.05 0.05 
5760 LARD C C 11.94 15.96 4709.94 15.59 1393.65 0.15 0.14 0.05 0.05 
5761 LARD A A 11.92 16.01 4722.13 16.74 1439.96 0.17 0.16 0.05 0.05 
5762 LARD B B 11.99 15.93 4698.91 16.41 1410.38 0.13 0.15 0.05 0.05 
5763 LARD B B 11.98 15.88 4917.23 16.39 1463.28 0.18 0.14 0.05 0.05 
5764 LARD B B 12.02 15.93 4730.74 16.09 1368.74 0.15 0.15 0.05 0.05 
5765 LARD B B 12.04 15.82 4681.09 16.61 1464.70 0.17 0.14 0.05 0.05 
5766 LARD B B 11.95 15.93 4677.38 16.39 1327.89 0.13 0.15 0.05 0.05 
5767 HB3-50 E A 11.97 16.08 3092.95 15.28 N/A 0.06 0.14 0.04 0.05 
5768 HB3-50 E A 11.90 16.06 3228.17 16.76 1199.61 0.06 0.15 0.04 0.05 
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5769 HB3-50 E A 12.01 16.12 3124.47 16.19 1175.84 0.05 0.16 0.04 0.05 
5770 HB3-50 H D 11.83 16.03 3411.15 16.97 1261.70 0.06 0.16 0.04 0.05 
5771 HB3-50 H D 11.86 16.01 3345.62 17.10 1204.21 0.06 0.15 0.04 0.05 
5772 HB3-50 H D 11.98 16.09 3313.70 16.36 1133.05 0.06 0.14 0.04 0.05 
5773 HB3-50 H D 11.91 16.06 3296.28 16.34 1129.49 0.06 0.14 0.04 0.05 
5774 HB3-50 F B 11.95 15.92 3096.32 16.68 1098.97 0.06 0.14 0.04 0.05 
5775 HB3-50 F B 11.97 15.92 3171.66 16.98 1134.62 0.05 0.14 0.04 0.05 
5776 HB3-50 F B 12.10 15.93 3048.61 16.72 1073.11 0.06 0.14 0.04 0.05 
5777 HB3-50 F B 11.95 16.05 3233.33 17.43 1141.23 0.04 0.15 0.04 0.05 
5778 HB3-50 G C 12.02 16.04 3287.15 16.29 1157.28 0.04 0.15 0.04 0.05 
5779 HB3-50 G C 12.04 16.05 3191.30 16.10 1126.90 0.04 0.14 0.04 0.05 

             
 

Mean 
  

11.96 15.92 3402.18 16.61 1174.78 0.09 0.17 0.05 0.05 

 
Std Dev 

  
0.07 0.14 998.04 0.63 210.99 0.05 0.04 0.00 0.00 

 
Lower Limit 

  
11.76 15.54 636.14 14.87 595.87 -0.06 0.05 0.03 0.04 

 
Upper Limit 

  
12.17 16.30 6168.22 18.35 1753.68 0.24 0.29 0.06 0.06 

 
 
A total of 32 tests were conducted and analyzed for this program focusing on the critical issues 
outlined above.  The tests were conducted at 12 G on the Air Force Research Laboratory’s 
(AFRL) Vertical Deceleration Tower (VDT) at Wright-Patterson Air Force Base, OH, using a 
small (LOIS), mid-sized (modified 50th percentile aerospace Hybrid III) and large manikin 
(LARD). 
 
In order to quantify the phase I production and the B-2 operational seat pan cushions’ responses 
to the acceleration levels, and investigate the occupant risk implications associated with these 
cushions, one should consider the resultant lumbar loads (lbf). 
 
Generally, the phase I production and B-2 operational supplied cushions resulted in similar  
resultant lumbar loads for the all manikins tested as compared to those of the baseline factory-
installed F-16 ACES II cushions.   
 
None of the lumbar loads exceeded the recommended maximum lumbar load limits.  None of the 
seat pan DRI’s exceeded the limit of 18.  
 
All probability of injury calculations for the Abbreviated Injury Scale (AIS ≥ 3) were based on 
the formulas found in the National Highway Traffic Safety Administration’s November 1999 
report.11 For this program, all Ncf and Nce values computed for the LARD manikin correspond 
to a 5.0 - 6.0% probability of an AIS ≥ 3 injury.  All Ncf and Nce values computed for the 50th 
percentile manikin correspond to a 4.0 - 5.0% probability of an AIS ≥ 3 injury.  All Ncf and Nce 
values computed for the LOIS manikin correspond to a 4.0 – 6.0% probability of an AIS ≥ 3 
injury. 
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APPENDIX F: EMI Results 
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APPENDIX G: Flammability Results 
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HAZARD: Pilot hits the ground or another aircraft (CFIT or Midair) because he is 
distracted by the operation or malfunction of the seat cushion 
Cause: The cushion is a distraction to the pilot during flight due to a malfunction or normal 
operation.  Examples of malfunctions include an air leak, bladder “pop”, or a dead battery. 
Effect: Pilot may become distracted during flight due to increased cognitive load. 
Minimizing Procedures: Seat cushions will be thoroughly tested on the ground prior to flight to 
determine any defects.  Pilots will be trained in normal operation of the cushion.  The cushion 
has been flight tested at the AFFTC in F-16 aircraft.  Altitude tests were conducted according to 
Mil-STD-810F.  The cushion successfully functioned during the altitude testing.  Post-test, the 
cushion required a reset.  This is most likely due to a now-fixed flaw in the cushion. 
Initial HRI: IE 
Final HRI: 
 
HAZARD: Pilot hits the ground or another aircraft (CFIT or Midair) due to discomfort of 
buttocks 
Cause: The cushion becomes uncomfortable to the pilot during a long duration mission. 
Effect: Discomfort could cause increased cognitive load, causing the pilot to become distracted 
during flight and increasing the probability of error. 
Minimizing Procedures: The cushion has been tested in both 8hr and 4hr comfort testing.  The 
cushion has been used in 24 hr flight simulations with positive feedback in how comfortable the 
cushion is compared to the standard ACES II cushion.   
Initial HRI: IE 
Final HRI:  
 
HAZARD: The cushion detaches from seat pan and becomes an unrestrained projectile in 
the cockpit 
Cause: The cushion does not fit or attach the same as the standard ACES II cushion to the seat 
pan. 
Effect: The cushion will detach from the seat pan and become an unrestrained projectile in the 
cockpit. 
Minimizing Procedures: The cushion attaches to the seat pan in the same way as the standard 
ACES II cushion.  The snaps and loops are exactly the same as the standard cushion. 
Initial HRI: IIIE 
Final HRI: 
 
HAZARD: The pilot’s effectiveness is affected due to changing of the sitting height during 
inflating/deflating of the cushion 
Cause: The sitting height of the cushion changes due to inflating/deflating of the air bladder 
cushion. 
Effect: the cushion puts the pilot out of the design eye.  The pilot cannot   
Minimizing Procedures: The change in sitting heights compared to the standard cushion have 
been recorded.  The cushion is ‘thicker’ than the standard cushion, though the changes are 
rectified through shifting of the pilot while sitting.  Design eye height not noticeably changed for 
F-16 test pilots at AFFTC.   
Initial HRI: 
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HAZARD: The pilot is at increased risk during a birdstrike due to increased thickness of 
the seat cushion in F-16 aircraft 
Cause: The sitting height of the cushion is higher than the standard ACES II cushion.   
Effect: the pilot’s head is further put in the birdstrike region of the canopy in constrained aircraft 
such as the F-16. 
Minimizing Procedures:  
Initial HRI:IE 
 
HAZARD: Probability of neck/back injury during ejection is increased compared to 
standard ACES II seat cushion 
Cause: Change in cushion could increase lumbar loading during ejection. 
Effect: Pilot has increased risk of back injury during ejection. 
Minimizing Procedures:  AFRL performed several full series of testing on their Vertical 
Deceleration Tower (VDT) at Wright-Patt AFB.  Lumbar loads are below established lumbar 
load injury criteria and comparable to the standard ACES II cushion for small, medium, and 
large occupants.  The cushion was also tested during multiple ejection sled tests.  Measured 
lumbar loads were consistent the standard ACES II seat cushion. 
Initial HRI: IE 
 
HAZARD: The cushion electronics catch fire during flight, requiring ejection from aircraft   
Cause: The AFRL cushion introduces additional electronics in the cockpit including batteries. 
Effect: The cushion or batteries catch fire during flight.  The pilot could be severely burned and 
require ejection from the aircraft. 
Minimizing Procedures: The cushion has been tested up to 160 degrees Fahrenheit, according to 
Mil-Std-810F, with no issue.  Operating temperatures of the cushion is well within the 
temperature limits of the batteries according to the battery data sheet.   
HRI: IE 
 
HAZARD: The pilot is subjected to toxic fumes if the cushion catches fire 
Cause: The cushion catches fire during flight, releasing toxic fumes inhaled by the pilot. 
Effect: The pilot has increased risk of lung injury.  This could cause the pilot loss of 
consciousness and ultimate ground collision. 
Minimizing Procedures:  A toxicity test was conducted according to Boeing Test Method BSS 
7239.  The results do not exceed the suggested maximum values of combustion products. 
HRI: IE  
 
HAZARD: Pilot visibility lessened in cockpit due to smoke generation from cushion fire 
Cause: The cushion catches fire during flight, releasing smoke impairing the pilot’s sight. 
Effect: The pilot loses situational awareness and is forced to ejection from aircraft. 
Minimizing Procedures: Smoke generation tests were conducted according to Boeing Test 
Method BSS 7238.  The cushion passed the test while the standard ACES II cushion does not.  
Flammability tests were conducted according to FAA Fire Block FAR 25.853(c).  The cushion 
did not pass the flammability tests.  Fire in the cockpit would require egress from the cabin, thus 
it is a non-issue. 
HRI: IE 
 

269 
Distribution A: Approved for public release; distribution unlimited. 

88 ABW Cleared 03/13/2015; 88ABW-2015-1053. 



 

HAZARD: Aircraft electronics are affected due to added electronics added in cockpit 
Cause: The AFRL cushion includes electronics for the bladder to inflate/deflate.  These 
electronics could affect the operation of aircraft electronics due to electromagnetic waves. 
Effect: Aircraft electronics will not work properly. 
Minimizing Procedures: EMI emissions testing was conducted according to MIL-STD-461E, 
method RE102.  The cushion passed EMI emissions testing.  In addition, a successful EMI check 
was conducted in an F-16 at AFFTC to ensure it did not affect aircraft systems.  Surface 
Resistivity testing was conducted according to MIL-STD-461E, method AATCC76.  The 
cushion did not pass this testing, the cushion cover is the same as that of the standard ACES II 
cushion. 
Initial HRI: IIE 
 
 
HAZARD: Pilot is distracted or grows fatigued due to increased vibration in the cockpit 
Cause: The AFRL cushion changes the vibration signature of the aircraft transmitted to the pilot 
during flight.   
Effect: The pilot may become distracted or have increased fatigue during flight resulting in 
increased cognitive and physical load. 
Minimizing Procedures: A study was conducted to compare the biodynamic, subjective comfort, 
and occupant performance effects of selected prototype seat pan cushions vs the standard seat 
pan cushion used in high performance military jets during exposure to low levels of vibration.  
One of the prototype cushions employed a pulsating air bladder system.  The second prototype 
cushion was contoured and layered with rate-sensitive foam.  The standard cushion was a 
relatively thin flat cushion that included rate-sensitive foam.  Level flight vertical axis (Z) 
vibration accelerations collected on the F-15 were recreated in the 711 HPW/RHPA human-rated 
single-axis vibration facility.  Subjects performed a multi-attribute performance task during 30-
minute exposures to the vibration while seated on either a prototype cushion or the standard 
cushion.  Following the exposure, the subjects responded to a subjective seat comfort 
questionnaire. In addition, the subjects were also exposed to a flat acceleration spectrum for 
evaluating the transmissibility characteristics of the tested seat cushion at the occupant/seat 
interface.  Following a short rest period of approximately 5 minutes, during which time the 
cushion was replaced with either the prototype or standard, the subjects were again exposed to 
the low frequency vibration for 30 minutes and the process was repeated.  Three sets of 
repetitions were performed for each prototype on separate days, and included switching the order 
of the cushion testing. 
Although the data are currently being analyzed, the preliminary results suggest that the 
subjective comfort ratings among the cushions were similar and that minimal differences were 
observed in the performance tasks for the short duration exposures used in this study (30 
minutes).  However, the transmissibility data do strongly suggest differences among the 
cushions, particularly between the two prototypes tested and the standard cushion.  Both 
prototypes showed significantly higher transmissibility between about 4.5 and 5 Hz as compared 
to the standard cushion with means of approximately 1.30 – 1.4 for the air bladder cushion, 1.25 
– 1.3 for the contoured cushion, and 1.0 for the standard cushion.    In contrast, both prototypes 
showed greater dampening (transmissibility < 1) beyond about 6 Hz as compared to the standard 
cushion.  The greatest dampening was observed with the air bladder cushion.  All cushions 
showed mean transmissibilities below 1 around 8.5 – 9.0 Hz, where a resonance peak was 
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observed in the F-15 acceleration spectra entering the seating system.  This peak was associated 
with structural characteristics of the F-15.  While the vibration at this resonance can be 
substantial in this aircraft during high angle of attach maneuvers, the levels appear to be quite 
low during level flight.  For other jet aircraft, it is assumed that any vibration generated by the 
vehicle occurs primarily in the Z axis at higher frequencies beyond 20 Hz.  The only exception 
may include any substantial air turbulence that could cause low frequency vibration below 10 
Hz.  Otherwise, the two tested prototype cushions present similar or less vertical axis vibration 
transmission as compared to the standard jet aircraft cushion. 
HRI: IIIE 
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